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The major emphasis of this study is  the economic feasi­
bility of the use of alcohol-gasoline blends (gasohol) and 
alcohol fuels; but all maj or issues concerning the use of 
gasohol and alcohol fuels are explored . The specific ob-
j ectives of the investigation include the determination of 
the specific performance properties of the fuels, their pol­
lutant emissions (compared to gasoline) , and their costs 
compared to gasoline . 
While opponents to the use of alcohol fuels are more . 
vocal than proponents ,  citing high cost and the lack of raw 
materials as objections , proponents believe new processes 
that can use any cellulose containing material as a feedstock 
appear to be the hope for production of the large quantities 
of ethanol required to replace gasoline. Production costs 
of the new process are less than production costs of tradi-
tional ones because of credit for by-products and the less 
energy-intensive fuel grade dis tillation requirements (as 
compared to beverage distillation requirements) . 
In cons idering the economic feasibility of the use of 
alcohol fuel s  as compared to the use of gasoline , one might 
notice that the price of Saudi-crude has risen from $1 . 80 
per barrel in 1970 to $18 . 00 per barrel in July, 1979 . Pro-
jecting the crude oil , refining , and mark-up cost, by the 
"least squares" method ,  equations were developed for the 
price of gasoline. The gasoline price equation was then 
-2-
us ed to make projections of the future price of gasoline. 
Another method used to determine the future price of gaso­
line was the "inflation method . "  The points at which the 
price of gasoline equals the price of alcohol fuels were 
depicted graphically.  
Based on Apr i l ,  1979 , data, "Gaso�ol", may be sold for 
1 . 6 cents lower to 1 .2 cents higher (per g allon) than regu­
lar unleaded g asoline . Ethanol made by farm operators is 
competitive with gasoline . Methanol may be competitive with 
gasoline now (depending on the feedstock us ed ) . Sometime 
during the 1980 's  ethanol produced by commercial processes 
should become economically feas ible.  
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I .  INTRODUCTION 
Statement of Purpose 
Is alcohol a viable alternative to gasoline for use as 
fuel for motor vehicles? It  is the purpose of this study 
to explore the various aspects of this qu.e.stion with emphasis 
on economic feasibility of alcohol as motor fue l .  Alcohol 
has a long his tory of use as a fuel ; 1 but it has not had wide­
spread usage because of . its high price , compared with gasoline 
and a iesel fuel . Recent developments which may change the 
relationship of gasoline and fuel alcohol prices are examined . 
The role of alcohol as either an alternate fuel or as an ex-
tender of gasoline is considered . 
Statement of Objectives 
General Objective 
- To determine whether it is economically feasible to 
use alcohol or gasohol as an alternative to gasoline for use 
as fuel for motor vehicles . 
Specific Oojectives 
- To. determ�ne the spec'ific handl ing and performance 
properties of alcohol and gasohol as motor vehicle fuels . 
1see Appendix A for a brief history of fuel alcohol 
usag e .  
-2-
- . To determine the pollutants that result from using 
alcohol and gasohol as motor vehicle fuels compared to the 
pollu.tants resulting from the use of gasoline. 
- To determine the type of modification necessary for 
an automobile to use alcohol or gasohol instead of gasoline . 
- To determine what materials may be used for feed­
stock in the production of alcohol . 
- To determine the quantity of gasoline that can be re­
placed by alcohol produced from renewable materials . 
- To determine whether the current gasoline distribution 
system can be used in marketing alcohol and gasohol fuels or 
whether an alternative system will have to be developed. 
- To determine the production costs of alcohol and gaso­
hol compared to gasoline . 
- To determine the price that can be charged for gaso-
hol .  
- To determine the cost of retrofitting automobiles to 
enab l e  them to burn alcohol or gasohol instead of gasoline . 
- To determine whether there will be a time when the 
price per gallon of gasoline will exceed the price per gallon 
o f  a lcoho l . 
Importance 
Since 1965 petroleum imports have become an increasingly 
significant source o f  energy for the United States . In 1970 
-3-
imports accounted for 23 . 2  percen t of the total crude oil con-
sumption . 2 By 1976 thii figure had risen to 41 . 8  percen t .  
Curren tly the United S tates is importing approximately 46 per­
cent of i ts crude oil3 Of the total crude oil consumed in 
the United States 43 . 1  percent is used to make gasoline . 4 Pri -
vate and commercial highway use consumes an estimated 94 per-
cent of the gasoline produced while the balance is used for 
private and commercial nonhighway use (primarily agricultural 
and Ii.larine purposes) an d for public us e at the federal, state 
. 5 and local level . A cut of ten percent in gasoline consump-
tion would permi t a cut of approximately ten percent in oil im-
ports . Almos t all dependence on foreign oil would be removed 
if a total switch from gasoline to alcohol were feasible . 
There are many reasons to consider alternatives that 
would allow the Un ited States to regain its energy indepen d­
ence . The price of crude oil has increased dramatically s ince 
1970 when.a barrel of Saudi Arabian crude oil was $ 1 . 8 0 . 6 With 
2 Joseph B .  Bidwe l l ,  "Automatic Fuels-- Outlook for the 
·Future , "  General Motors Res earch Publication GMR-2733 , June 1 5 ,  
1978 , p. 
311Straight Talk on Oi l , "  America , Apri l 21 , 1979 , p .  323 . 
411Gas· Shortage : Who 's to Blame , -" U . S .  News and World 
Report ,  May 28 , 19 7 9 .  
5u.s., Department of Energy, Motor Gasoline Sup�ly & De­
mand 1967-78 , by Katherine E .  Sieferlein , Augus t ,  197 , p .  ll . 
6John M .  Blai r ,  The Control of Oil (New York : Pantheon 
Books , 1976) , p .  262. 
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the most recent hike , Saudi crude is $18 . 00 per barrel . I t  
is expected, however , that the United States will pay an aver­
age o f  between $20 . 00 and $21. 00 per barrel . According to 
Alfred Kahn, head of the President ' s  anti-inflation program, 
the increase in the price of crude announced at the June, 1979 
meeting of OPEC will increase the rate of inflation . As a re­
sult ·a decline in growth of two percent :t's'-proj ected which in 
turn would cause 800 , 000 more unemployed workers .  OPEC has 
promised that the June price increase i s  only the beginning . 
Because of the weakening of the dollar , - it is likely that 
prices will be raised again before the end of 1979 . 7 Libya ' s  
petro leum minister, Ezzidin Marbruk, wanted a price of $27 . 00 
per barrel during the last OPEC meeting . He wanted further in­
creases tied to the inflation rate o f  industrial countries . 8 
The rapidly increasing oil prices , in addition to fanning the 
fires of inflation , have caused ever increasing trade deficits 
. - . 9 for the United States . Another problem is that t�e higher pri-
ces do not necessarily draw higher supplies . The Saudis, for 
7110PEC Price Hike Is Onl.y the Beginning , "  U . S .  News and 
World Report , July 9 ,  1 9 7 9 ,  p .  5 .  
8James Tanner and Ray Vicken , · "OPEC Mulls Plans to Sta­
bilize Oil Prices To Be Between $18 . 00 .. and $21 . 50 a Barrel , "  
Wall Street Journal ,  June 2 6 ,  1979 , p .  3 .  
9u.s., Congress ,  Senate , Committee on Appropriations , 
Alcohol Fuels , A Special Hearing Before the Committee on Ap­
propriations , Senate , 95th Congres s ,  2nd Session , 1 9 7 8 ,  p .  488 . 
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example, have placed a long· term ceiling o n  production .
10 In 
the United States production has declined steadily even though 
48 , 00 0  new wells were drilled in 1978 . 11 Whatever the rea-
son for decreasing supplies , the result can be_ violence , as 
witnessed during the California gasoline shortage . 12 The fear 
of short supplies and price increases has prompted the United 
States Department of Energy to spend one billion dollars for 
gasoline s tockpiles . S ince the s tockpiling program began , 
storage costs have doubled . By the end of the program ,  in 
1985 , the cos t  is expected to be many billions of dollars . 13 
The Department of Energy, also , developed a plan for gasoline 
rationing which would have allowed a "white" market in gaso­
line ration coupons . 14 One may speculate whether the ailment 
or. the proposed "remedy" is worse . 
Why is fuel alcohol considered by many to be the "salva-
tion" of the United States? Assuming its use proves economic-
ally viable it  may help solve several problems in addition to 
.
10110il : The Threat for .World Slowdown , "  . Bus iness Week , 
' June 1 8 ,  1979 , p .  115 . · 
1111u · L P M " T · A · 1· 16 1979 68 . s e es s , a y ore , ime , pr i , , p . . 
1211Gas Shortage : Who ' s  to Blame , "  U . S .  News and World 
Report , May 28 , 1 9 7 9 ,  p .  19 . 
13"0il : S tumbling in Stockpiling , "  Forbes , April 3 0 ,  1979 , 
p. 7 4 .  
14u . s . , Department o f  Energy , A Proposed Standby Plan for 
Gasoline Rationing. 
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the energy problem. Fir s t ,  its use would help eradicate ur­
ban s ewage and help ease disposal of municipal waste (assum­
ing the cellulose of the sewage and waste were used in alcohol 
production) . Second , its use might allow the set aside program 
(and s imilar programs of paying farmers not to produce) to be 
abolished. Third , there is evidence that the amount of pollu­
tion would be reduced if alcohol replaced gasoline. Finally , 
the use of alcohol from agricultural sources would decrease 
the greenhouse effect . 15 
One reason for considering alcohol is that there may 
not be another acceptable alternative that will be ready in 
time . Oil industry "crude" from coal is still in the research 
s tage . 16 The production of ethanol is technically feasible 
now. I . b . d d 17  ts use can contri ute to energy in epen ence .  Twen-
ty years at the mercy of OPEC is considered unacceptable by 
many . According to Gary Shults ,  research engineer for Contin-
ental Oil Company: 
Look at i t  this way. We can buy imported oil or 
we can use what we have . I t  may not be as effi­
cient, but i t ' s  Btu's that we have versus Btu's 
·that we don't have . 18 · 
15"Pay . Now? or Pay Later?" Forbes , February 19 , 1979 , 
p .  3 6 . 
16Ibi d ,  p .  3 6 .  
17 . U . S . , Congress ,  Senate , Committee on Appropriations , 
Alcohol Fuels , p .  499 . 
18Earl V .  Anderson, "Gasohol : Energy Mountain or Mole­
hill?"  Chemical and Engineering News , July 3 ,  1978 ,  p .  15 . 
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Definitions 
Numerous words which may require clarification or amp­
lification have been used in this study . Since the list of 
these terms is lengthy , a special glossary of special terms 
used can be found in Appendix B .  Those of special importance 
are discussed below. 
Alcohol 
There are many different chemical compounds· classed as 
·alcohols; however , in tpis study the word is used to refer 
only to ethyl and methyl alcohol . 
Ethanol 
"Ethanol" is  another term for ethyl alcohol . Commonly 
it is  referred to as .grain alcohol since it results from fer­
mentation of grain . 
"Gas·ahol 
Gasahol is a term commonly used to refer to a blend of 
gasoline and alcohol usuaily composed of 90% gasoline and 10% 
alcohol . The ethyl alcohol (ethanol) and methyl alcohol (meth­
anol) do not necessarily have to be derived from renewable 
�ources .  
Gasohol 
"Gasohol" is a registered trademark of the Univers ity 
of Nebraska. It is composed of unleaded gasoline (ninety per­
cent) and 200-proof ethanol (ten percent) . By its definition 
- 8 -
"Gasohol" must be a blend of gasoline with ethanol from ag­
ricultural sources . The word "gasohol" has been used in 
periodicals instead of the word "gasahol" much the same way 
Jello and gelatin. or Kleenix and tissue have been inter­
changed.  In this s tudy "gasohol" will be treated synony­
mously with "gasahol" unless specifically.-.n.oted as "Gasohol . "  
Methanol 
"Methanol" is another name for methyl alcohol or .wood 
alcoho l .  I t  can be produ_ced from wood or municipal waste.  
Renewable Sources 
Renewable sources are those sources which are or can be 
replenished within a human lifetime, e. g . , agricultural crops . 
Similarly municipal waste is placed in this category since 
it will exist as long as there are cities . Coa l ,  natural 
gas and crude oil are not considered renewable . 
"synthetic 
The word "synthetic" will be used as an �dj ective for 
the words methanol and ethanol to mean that the particular 
alcohol w:as made from a nonrenewable source . For example , 
synthetic methanol can be made from coal . 
Review of the Literature 
There have been numerous studies to determine the feasi­
bility of alcohol as an alternative fuel to gasoline . Both 
-9-
methanol and ethanol have been used as fuels ; however, neither 
has p roved economically effective . The following is a brief 
sample of studies that have been done . A comprehensive re­
view would require several volumes . 
A recent report by Stanford Research Institute (SRI) en­
titled Methanol Fuel : Its Manufacture and Utilization con-
s idered the economics restrictive to the production of methanol 
on a massive s�al e .  One o f  the conclusions was that the esti-
mated 160 plants needed to produce methanol ( i f  it were to 
replace gasoline) would require a capital investment of $94 . 4  
billion dollars . Furthermore , the time to construct a plant 
capable of producing 100 , 000 barrels of methanol per day would 
take f ive to seven years . This included the time for design ,  
obtaining a permi t ,  filing an environmental impact statement 
and actual construction. The cost of methanol was estimated 
to be $ 5 .  50 per million Btu' s if coal .  were used as the "feed­
stock" and $9. 25 per million Btu1s if municipal waste were 
used. If biomass were the feedstock, the production cost was 
estimated to be closer to the figure for coa l .  A t  the time of 
. .  . . 1 the s tudy , gasoline cost $3 . 00 per million Btu ' s  (at the plant) . 9 
Stephen H .  Dole, in a paper for the Rand Corporation, 
also concluded that methanol could not compete with gasoline . 
1·9The· Us e of Alcohols as Fuels Sunnnary,  General Motors 
Corporation , Warren Michigan, 1978, p .  5. 
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According to Dol e ,  the price of methanol would have to de­
crease considerably relative to gasoline for it to be com­
petitive . He preferred the strategy of converting methanol 
to gasoline which could then be sold through the gasoline 
• . 20 . . distribution system. There would be much higher transpor-
tation and distribution costs for methanol than for gasoline, 
and this would offset the cost of 
In 1975 the city of Seattle 
. 21 conversion. 
x 
connnissioned a massive 
study on the feasibility of producing methanol using munici­
pal solid waste . According to the study , by using Union Car­
bide Purox pyrolysis , each ton of solid waste would produce 
870 p ounds of methanol . It was estimated that in one year 
Seattle could produce 31 million gallons of methanol . 22 
The United States Department of Agriculture has com­
pleted numerous studies (on ethanol) some of which date back 
to +:he turn of the century . One such report entitled "Use of 
Alcohol and Gasoline in Farm Engines" is dated 1907. In the 
1930's there were numerous U . S . D . A .  reports . The consensus 
was that alcohol was not competitive with gasoline unless sub-
. d- . d 23 si ize . 
20stephen H .  Dole , Methanol As an Automobile Fuel , (Santa 
Monica, CA: Rand Corporation, 1979), p .  8. 
21 Ibid. , p .  1. 
22E .  F .  Lindsley, "Alcohol Power," Popular Science , Ap­
ril , 1975, p .  70 . 
23 U . S . , Congress , Connnittee on Appropriations , Alcohol 
Fuels,  p .  571 . 
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In 1969 a report of the wheat utilization conference also con­
cluded that the cost of alcohol would be higher than that of 
petroleum. 24 Dwight L.  Niller of the U . S . D . A.  Northern Re-
gional Research Laboratory in Peoria, Illinois , has completed 
numerous studies Qf the feasibility of alcohol° production. 
-
His conclusion is that except in time of national emergency 
there is little chance in the near futura...xhat alcohol will 
be cost competitive with gasoline . 25 "Gasohol from Grain·-­
The Economic Issues!' another U . S. D . A .  study, concludes that a 
national gasohol program would require a subsidy of 10 . 4  
cents per gallon of gasohol for a total subsidy of $10 . 4  bil-
26 lion annually . 
The United States Department of Energy (DOE) has con­
ducted several studies of its own .  DOE's Task Force on Al-
cohol Fuels prepared a program plan for research and develop­
ment of alcohol fuels in 1978. 27 In June, 1979 DOE's Report 
24u . s . ,  Department of Agriculture, Report of Sixth Na­
tional Conference on Wheat Utilization, Agricultural Research 
Service ARS 74-54, August, 1978, p .  27. 
- ' 
25Dwight L .  Miller , "Fermentation of Ethyl Alcohol," 
Biotechnology and Bioengineering Symposium, .No. 6 . ,  John Wiley 
and Sons Inc. , 1976, p .  310. 
26Earl V. Anderson, "Gasohol: Energy Mountain or Mole­
hill?" Chemical and Engineering News , July 31, 1978, p. 15 . 
27 U.S . ,  Department of Energy, Task Force on Alcohol Fuels, 
Aicohol Fuels Program Plan, March, 1978. 
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of the Alcohol Fuels Policy Review was completed . Unfor­
tunately, it  was unavailable . for review at the time this 
pa per was written . 
Two members of the University of.Nebraska s taff have 
come to opposite conclusions concerning the feasibility of 
alcohol as an "extender" of gasoline. Dr . Japes Kendrick, 
an agricultural economist, has written numerous papers on the 
topic . His conclusion is that because alcohol has a lower 
Btu value per unit than gasoline and costs much more (about 
$1 . 56/gallon in 1978 compared to 39�/gallon for gasoline), it 
is an unlikely alternative . Kendrick, also, believes the 
energy balance is very unfavorable. Dr . William A. Scheller, 
head of the chemi9al engineering department , has written num­
erous papers in favor of alcohol as an alternative fuel . 
Specifically, he believes that when by-products of the fer-
men�a tion. process are considered, the production cost of al-
cohol is much lower than others have indicated . Scheller 
us .es a conversion cost of thirty cents per gallon and believes 
alcohol coul� sell for $1 . 10 per gallon. 28 
Katzen Associates completed a study, on the production 
of wood for the Forest Service. According to the s tudy, a 
plant processing 1,500 tons of wood per day, would produce 
28Anderson , "Energy Mountain or Molehill?" pp . 10-11. 
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twenty--five million gallons of ethanol per year. The cost 
of the plant was estimated to be $70 million . Ethanol from 
the plant is estimated to cost $1 . 90 per gallon compared to 
ethanol from grain at $1.40 per gallon:29 
The Indiana Department of Commerce has conducted two 
major studies of alcohol and the alcohol proc�ss. According 
. 
to the studies, one problem of alcohol from grain is the wide 
fluctuations in grain prices . It was concluded th�t tremendous 
subsidies would be needed until gasoline reaches the cross- · 
over point. By the calculations of the study, crossover would 
be reached in nine years if petroleum costs increase at an 
average of fifteen percent per year.30 
Gulf Oil Company began a research program to produce 
ethanol from biomass in 1971 . Mr. George F. Huff, vice presi­
dent o f  Gulf .Science and Technology Company , projected that a 
deomonstration plant begun July , 1979 with a capital invest­
ment of $112 million ( 1983 dollars) would be able to produce 
alcohol for a selling price of $1.45 per gallon (1983 dollars) 
using �he process Gulf has developed.. This inc.],udes a return 
of fifteen percent after taxes . The gasoline spot market is 
31 as high as $1 . . 50 per gallon now. 
29 U . S . , Congress , Senate , Committee on Appropriations , 
Alcohol Fuels , p .  30 . 
3olbid . , pp . 55-56 . 
31George F. Huff, Testimony of Dr. George F .  Huff, Before 
the Committee on Science and Technolo , U.S . House of Re resen-
tatives, May in Gu Oi Co . in ormation pac age . 
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Stone and Webster were commissioned by the Nebraska 
Agricultural Products Industrial Utilization Committee to 
study the feasibility of alcohol fuels. Their conclusion 
was that it is economically feasible to build � 20 million 
gallon per year anhydrous ethanol plant at a cost of $22 . 1  
million . The projected return on investIUent was twenty-two 
percent . Marketing costs were not considered, however, and 
it was assumed that low quality grain would supplement the 
1 . . 32 qua ity grain. 
In 1976 a paper concerning the economics of using the 
enzyme produced by Trichoderma viride for alcohol production 
w�s presented at the 8lst national meeting of the American 
Institute of Chemical Engineers. It was estimated that a 
plant capable of processing 100 metric tons of cellulosic 
material per day could produce sugar for about forty cents 
per kilogram. This is not competitive with the conventional 
starch hydrolysis process; however , improvements in the cellu­
lose to glucose process were possible.33 This process will 
·figure prominently in the chapters to come . 
32Anderson, "Energy Mountain or Molehill?" p .  10. 
33u . s . , Army Natick Research and Development Command, 
Engineering Technology Groups , Enzymatic Hydrollsis of Cel­
lulosic Waste : The Status of the Process Techo ogy and an 
Economic Assessment, by John M.  Nystrom, Robert K .  Andren, 
and Alfred L. Allen, April, 1978, p. 24. 
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A process developed at Purdue University also shows 
great promise . The new procedure for converting cellulose­
rich material to sugar for alcohol fermentation might be able 
to produce alcohol at a cost of seventy cents per gallon if 
the. feedstock cost $30 per ton. If the feedstock were "free," 
e . g . , urban trash or feedlot waste , the production cost is 
. . 34 estimated to be forty cents per gallon. Although at this 
price alcohol would be viable in today's petroleum market , 
there remain many technical and economic questions to be ans­
wered. 35 
Of the literature reviewed there seems to be no general 
consensus. Persons who favor use of alcohol fuels for motor 
vehicles state the facts favorable to alcohol. Those who do 
not favor use of fuel alcohol for motor vehicles recite facts 
unfavorable to its use. The major points of contention are 
bri�fly discussed in the next chapter. 
Procedure 
Numerous sources were used in collecting the data and 
· inf·ormation ·used for this study . Periodicals dating from 
1900 to July , 1979, were examined to provide an overview of 
34 U .  S . , Congress , Committee on Appropriations , Alcohol 
Fuels , p. 127 . 
35u .  S. , Congress , Senate, Connnittee on Agriculture, 
Nutrition and Forestry, Economic Feasibility of Gasohol ,  Hear­
ing Before the Subconnnittee on Agricultural Research and Gen­
eral Legislation, Senate, 95th Congress, 2nd session , 1977 , 
p. 19. 
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the topic. Books and government documents also were exam­
inted. Some of the most current information was obtained 
through personal communication with personnel of various 
companies, agencies, institutes and universities. Forty­
six letters were sent and several phone "inter.views" were 
made . 
An attempt was made in the writing to present all 
sides of issues under dispute . This approach was taken to 
allow the reader a chance to draw his or her own conclusions. 
Until recently, however , opponents to the use of alcohol 
fuels have been more vocal than proponents. Since much of 
the argument is in the theoretical realm, discussion of 
what "backyard tinkerers" have done also was included to 
show what has been done in small scale operations . 
In order to make projections , data was tabulated and 
at times depicted graphically . In determining the price of 
"Gasohol , "  equations based on certain specified assumptions 
were developed. The least squares method was used to assist 
in projecting future crude oil and gasoline prices. The 
projected point (s) at which the prices of alcohol fuels 
equal the price of gasoline were determined graphically . 
II . FACTS AND FALLACIES 
Handling and Performance Characteristics 
Properties 
Methanol and ethanol are alike in many ways , but there 
are some very important differences in tneir properties. 
Both have low freezing points and relatively low boiling 
points .  Since both are solvents ,  they can be contained only 
in highly corrosion resistant material . · Of the two , methanol 
is the most corros ive. Ethanol forms a more stable mix with 
1 gasoline at higher concentrations than pos s ible for methanol. 
Although both are given the same fire hazard rating , it is 
interesting to note that an ethanol fire can be extinguished 
with water while water is not recommended as an extinguishe� 
for methanol or gasoline . 2 
Methanol is , also more toxic than ethanol .  In small 
doses ethanol has a mild narcotic effect while methanol poison-
ing results in weaknes s ,  dizzines s ,  headache , nausea , abdominal 
. . 
pains , ·visual disturbance ,  and_ , i n  large enough doses , even 
death . One problem is that methanol does not have to be 
1Karl Ludvigsen , "Alcohol Comes Back to Power Your Car , "  
·Mechanix Illustrated , January , 197 8 ,  p .  48 . 
2see Table 1 for a hazard comparison of ethanol , metha­
nol and gasoline . 
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TABLE 1 
NATIONAL FIRE PROTECTION ASSOCIATION 
HAZARD INDICES
* 
Health Fire Reactivity · Extinguisher** 
Gasol ine 
Methanol 
E thanol 
1 
1 
0 
3· 
3 
3 
*
4 indicates severe hazard. 
0 indicates no special hazard. 
0 
0 
0 
b , d  
c , d  
a , c , d  
** a =  water, b = foam, c = alcohol foam, d = carbon dioxide or 
dry chemica l .  
Source :  U . S . ,  Department of Energy , Divis ion of Transporta­
tion Energy Conservation , S tatus of Alcohol Fuels 
Utilization Technolo�y for Highway Transportation, 
June 1978, Table IV- . 
ingested to ' be harmful . It  can be absorbed through the skin. 3 
One of the disagreemen�s concerning the use of alcohol 
is the amount of energy it can provide compared to gasoline . 
There is no-aispute that e·thanol has approximately two-thirds 
the Btu ' s  (per gallon) of gasoline while methanol has about 
one half ·the ritu ' s  (per gallon) of · gasoline. 4 The dispute 
arises because detractors then conclude that alcohol and 
3u.s., Congress , Senate , Alcohol Fuels , pp . 324-325 . 
4see Table 2 for comparisons of energy. 
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alcohol.-gasoline blends give fewer miles per gallon than 
gasoline and are therefore worth less than gasoline . While 
specific performance will be discussed in sections to follow, 
it is important to note that the thermal efficiency of alco­
hol is greater than that of gasoline . A government funded 
s tudy concluded that for a conventional auto engine adjusted 
for alcohol ( ethanol) usage, one Btu of alcohol was 44 percent 
to 71  percent "better" than one Btu .of gasoline (cons idering 
ruiles per Btu usage) . 5 According to Leslie Grove , in a "prop­
erly des igned ·engine , "  alcohol can deliver 80 percent to 90  
percent of its  Btu value to mechanical energy . Only 17 per­
cent to 34 percent of gasoline ' s  Btu value is converted .t o  
usable mechanical energy, according to Mr. Grove.6 Other ex-
perts may disagree with the particular figures , but most will 
agree alcohols are more thermally efficient than gasoline ; 
thus any discussion of worth should be based on Btu ' s  delivered 
per gallon of fue l .  
Alcohols differ from gasoline in several other respects . 
Pure alcohol is used at the race track s ince it has a highe� 
5u. S . ,  Congres s ,  House. , Cormnittee .on Science and Tech­
nology , Alcohol Fuels , Hearings before a subcormnittee of the 
Committee on Science and Technology, House of Representatives , 
95th Congres s ,  2nd session , 1 9 7 8 ,  p .  480 . 
6u.s., Congres s ,  Senate ,  Cormnittee on Agriculture , 
Nutrition and Forestry, Economic Feasibility of Gasoho l ,  Hear­
ings,. before a subcommittee of the Committee on Agriculture , 
Nutrition , and Forestry, Senate , 95th Congress ,  1st sess ion , 
1977,. p .  8 7 .  
Ethanol 
Methanol 
Gasoline 
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TABLE 2 
COMPARISONS OF ENERGY CONTENT OF 
ETHANOL , METHANOL AND GASOLINE 
Btu/pounds 
12 , 819 
9 , 613 
20 , 750 
·Btu/gallons 
84 , 861 
6 3 , 542 
1 2 7 , 654 
pounds/gallons 
6 . 62 
6 . 61 
6 . 152  
Source : Handbook of Chemistry and Physics (42nd edition) 
cited by U . S . , Congress , Senate , Committee on Agri­
culture , Nutrition and Fores try , Economic Feasibility 
of Gasoho l ,  Hearings , before a subcommittee of the 
Committee on Agriculture , Nutrition and Forestry , 
Senate, 95th Congress , 1st ses s ion ,  197 7 ,  p .  115 . 
octane , runs cooler and has more power. 7 Specifically metha­
nol has an octane rating of about 112 while gasoline ' s  octane 
rating is between 91  and 100 . 8 Ethanol has an octane rating 
of about 160 . 9 Gasohol contains between two and four points 
more octane than gasoline. It has been found that this helps 
. 10 eliminate the "pinging" (caused by regular unleaded gasoline) . 
' Alcohol vapors mixed with. air can be compressed into a smaller 
volume before reaching flash point , according to a 1914 report.  
7 U . S . , Congress ,  Senate, Alcohol Fuels , p .  197 . 
8E .  F .  Lindsley , "Alcohol Power , "  Popular Science , 
April ,  1975 , p .  7 1 .  
9u . s . , Congress , Senate , Economic Feasibility of Gasoho l ,  
p .  8 8 .  
10E .  Keerdoj a ,  "High on Gasohol , "  Newsweek, March 19 , 
197 9 ,  p .  93 . 
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This compression allows greater expans ion in the cylinder; 
hence, more work can be done with the same amount of alcohol 
as gasoline . 11 Numerous sources of the present t ime period 
s tate that alcohol performs best in high compress ion engines 
that . take advantage of its unique charapteristics . 
Comparison of Pollutants 
It has generally been held from the early 1900 ' s  till 
the present tim� that alcohols burn more cleanly than gasoline . 
According to an article written in 1922 , the exhaust of cars 
burning alcohol is "never clouded with black or grayish 
smoke . 1112 In spite of the general belief that alcohol is 
"cleaner" than gasoline, the 1977 amendments to the Clean Air 
Act prohibited its use as an additive to gasoline s ince i t  
was not similar to the additives certified by the Environmental 
Protection Agency (EPA) . The EPA did provide for a waiver of 
this provision for gasohol if the manufacturer applied for i t .  
I f  the EPA failed to act on the waiver within 180 days , i t  was 
granted automatically . Preliminary EPA tests of gasohol indi­
cated that there were fewer hydrocarbons (RC) and less carbon 
monoxide (CO) emitted, although nitric oxides (NO ) increased x 
11c .  W .  Chester ,. "Alcohol a Substitute for Gasoline , "  
The Outlook, January 3 1 ,  1914 , p .  2 7 3 .  
1211Running Cars on Molasses , "  Literary Diges t ,  October 7 ,  
1922 , p .  7 0 .  
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slightly and vapor emissions increased subs tantially . 13 
· Tests at General ·Motors indicated that there was no 
increase in EPA monitored emissions for methanol and methanol 
(10%) gasoline (90%) blends but that certain emissions , not 
now regulated , increase d .  Both hydrocarbons and nitric oxide 
emis sions greatly decreased when neat methanol was used . Car-
bon monoxide emissions · were about the same while aldehydes 
and unburned methanol emissions greatly increased (for neat 
methanol) . At present aldehyde emissions are not regulated . 
The changes in emissions for the methanol-gasoline blend were 
slight . 14 
In tests conducted at the request of Representative 
Paul Findley, ethanol-gasoline blends showed decreased emis -
s ions over gasoline in both hydrocarbons and carbon monoxide . 
There was a greater decrease in emissions for the twenty per-
cent concentration of ethanol than for the ten percent concen-
tration. Unfortunately no other types of emission� were mea­
sured in these tests . 15 
The general consensus is that neat alcohols generally 
provide lower total exhaus t emiss ions than gasoline while 
13u . s . ,  Congress ,  Environmental Study Conference ,  Fact 
Sheet : Gasohol a Fuel Whose Time Has Come? by Sherry Howman, p .  2 .  
14 U . S . , Congre s s ,  Senate ,  Alcohol Fuels , p .  257 . 
15 U . S . , Congres s ,  Senate , Economic Feasibility of Gasoho l ,  
pp . 8 1- 82 . 
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alcohol-gasoline blends may or may not have an advantage de-
pending on whose tests are used. (DOE ' s  Status of Alcohol 
Fuels Utilization Technology for Highway Transportation is a 
good sunnnary of tests of performance and emiss ions prior to 
1978 . )  Since alcohol formed from renewable sources should 
not return to the atmosphere more carbon dioxide than was 
removed originally, it should help to deerease the green­
house effect . 16 
Modifications Required for Use of Alcohol Fuels 
Since the vast maj ority of motor vehicles used today 
were designed for gasoline, it is not surprising that these 
vehicles need to be modified when alcohol or gasohol is used 
as fuel . For ten percent blends , the modifications are mini-
mal while blends of twenty percent may require carburetor ad­
j ustments . 17 George Bignotti , racing car expert ,  reconnnends 
that blends of no more than twelve percent be used; for blends 
any greater than twelve percent would require increased com­
press ion and changes in carburation. If the blend �s less 
than twelve _ percent,  the only requirement might be to change 
16the greenhouse effect is one in which the earth be­
comes warmer because of the presence of "excess''' carbon dio­
xide in the atmosphere , thus causing a trap for solar energy. 
Solar energy enters the atmosphere but the carbon dioxide 
prevents its escape when it is re-radiated as hea t .  
1 7  U . S . ,  Congress , Senate,  Alcohol Fuels , p .  2 5 .  
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the fuel filter more often. 18 Some believe that newer cars 
(with carburetors tailored for leaner air-fuel ratios and 
anti�emission devices tailored to specific emission limits) 
may need to have their carburetors adjusted by professionals 
if a blend of more than ten percent alcohol is used . 19 
There are numerous reports of individuals modifying 
a car so that it can burn neat ethanol (or neat methanol) . 
Scott Sklar , Washington director of the National Council of 
Appropriate Technology, modified his 1964 Rambler so i t  could 
burn ethanol . · He says that his car has not experienced the 
vapor lock, cold s tart or corrosion that have been mentioned 
by automative engineers as potential problems . The cost of 
his modifications was s ixty dollars (excluding his labor) . 20 
Mr. Sklar ' s  Rambler averaged twenty miles per gallon . 21  Dr . 
Thomas Reed of the Solar Energy Research Ins titute has used 
alcohol in the family car for four and one half years without 
tro�ble. 22 Sometimes a dual fuel system has been used . The 
18 . U .  S . ,  Congres s ,  Senate, . . Economic Feasibility of 
Gasohol ,  pp . 42-43 . 
19E .  F .  Lindsley, "Alco.hol Power , "  .P. 72 . 
2°Fred J .  Cook , 
-
"Gasohol- a 100 Proof Solution , "  The 
Nation, April 2 1 ,  1979 , p .  417 . 
21scott Sklar, Alcohol Fuels : The Most Often Asked 
Question s ,  (washington , D . C . : The National Center for Appro­
priate Technology, 1979) , p .  8 .  
22 U . S . ,  Congress , Senate,  Alcohol Fuels , p .  183 .  
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vehicle is started with gasoline, for example , and then run 
on alcohol . This system was employed successfully with a 
1978 Pontiac and a 1975 Dodge Colt .  According to Mr. Stanley 
Barber, in discussing these autos , the mixture yielded essen-
tially the same number of miles per gallon and was cleaner 
h 1 . 1 23 t an gaso ine a one .  
According to Dr . Serge Gratch, diree�or o f  the Chemical 
Sciences Laboratory of Ford, neat methanol and neat ethanol 
usage without modification would cause several problems . One 
potential proqlem is that of cold start.  Alcohols do not 
vaporize as readily as gasoline at lower temperatures; thus 
there may be difficulty s tarting the vehicle run on the fuels . 
Conventional fuel injection is not sufficient for ambient 
temperatures below 40°F .  Mr. Gratch claimed that larger fuel 
tanks would be required for the same driving range because of the 
B 11
. 
d . d 1 . 24 tu per ga on argument iscusse ear ier . 
Joseph Colucc i ,  head of the Fuels and Lubricants Depart­
ment at GM, discussed another potential problem area . Methanol 
is  more corrosive than gasoline and the gasoline tank l ining 
may be suscept�ble to this corrosion: 
. . . 
Alcohols are also sol-
vents . Since some of the current fuel sys tem material is 
plastic , these might have to 'be replaced if neat alcohol were 
23rbid" pp . 313-314 . 
24Ibid.�P· 218 . 
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used . 2 5  Filters , plastic seals and especially terneplate 
gas tanks are all open to "attack" by methanol .  Certain 
electric fuel inj ection pumps are vulnerable because methanol 
conducts current while gasoline is an insulator . A fuel tank 
l ining can b� stripped in two days if it is subj ected to an 
"electrolytic attack" caused by a current conducted through 
�· ...  
the methanol .  This is'especially true for the terneplate 
gasoline tanks . 26 
A program to equip vehicles to use alcohol or gasohol 
is a prac�ical alternative within the scope of present tech-
nology , according to a s tudy by engineers of the University 
of Michigan . The study concluded that modifications to retro­
fit cars with fuel tanks , fuel lines , carburetors , and other 
alcohol resistant components would cost between $145 and 
$455 depending on whether alcohol or an alcohol-gasoline blend 
were· used. 27 In a letter , Philip A .  Hutchinson , Jr .  , stated 
that the cost to equip a vehicle for alcohol fuel usage would 
be about twenty-five dollars plus labor . One would expect to 
pay about $150 more for a methanol vehicle than for a con-
. .  
. 1 h" 1 28 ventiona ve ic e .  Another estimate placed modification 
' 
25rb�d. , p .  241-242 . 
26E .  F .  Lindsley , "Alcohol Power, "  p .  7 2 .  
27T .  L .  Bryant , "Another Form of Gas , "  Road and Track, 
September, 1978 , p .  94 . 
28u . s . , Congress ,  Senate , Alcohol Fuels , p .  2 9 3 .  
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costs �t approximately $100 (1973 dollars) . 29 
Several automobile manufacturers and research groups 
have -been working on engines specifically designed for use 
of alcohol . As stated earlier this is the ideal cas e .  Volks-
wagon has developed an automobile which can run on alcohol , 
while GM of Brazil is in the process of developing the neces­
sary engine and fuel system required to perm{t operation on 
alcohol and gasoho 1 . 30 In 1978 the United States Naval Aca­
demy announced development of a motor that was twenty-five 
percent more eff icitcnt than conventional motors and could use 
gasoline, kerosene or alcohol (ethanol) . It  is called the 
Beta engine or the Naval Academy Heat Balanced Engine (NAHBE) . 31 
If this type of engine could be used in motor vehic les , it 
could be a real boon to the use of alcohol fuels s ince it 
would permit a transition period in which the vehicle could 
use either gasoline or alcohol . 
Raw Materials 
Are there sufficient quantities of raw materials to 
make the amount of alcohol r�quired for compl-et.e (or at leas
·t 
partial) replacement of gasoline? To answer this question, it 
29T .  B .  Reed and R .  M.  Lerner , "Methanol :  A Versatile 
Fuel for Irranediate Use , "  Science,  December 28 , 1973 ,  p .  1300 . 
30Joseph B .  Bidwell ,  Executive Director , GM Research 
Laboratories , personal letter , July, 1 9 7 9 .  
31"Navy De�elops Efficient Engine , "  Small Farm Energy 
Project , September , 1978 . 
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is nec�ssary to first determine how much gasoline is consumed 
in the United States . Figure 1 shows monthly motor gasoline 
sales for the period from 1972 through the spring of 1979 , 
while Table 3 gives a sunnnary of the average motor gasoline 
consumption per day for a given year during the period from 
1948 to 1978 . From these it i s  obvious that although there 
have been monthly fluctuations , the general trend has· been 
one of increasing usage. In 1978 actual gasoline consumption 
32 was approximately 110 billion gallons . 
Some experts believe that the production of even ten 
percent of the necessary 110 billion gallons would be diff i­
cul t .  According to DOE : 
If all practicably available farmland were used 
for farm crops planting in excess of those required 
for food production, the ethanol produced from the 
crops and crop residues would satisfy no more j�an 
8% o f  today ' s  total liquid fuel energy demand. 
The American Petroleum Institute,  also questioned 
whether enough grain could be proauced . Their estimates 
b.ased on an annual demand of 105 billion gallons of gasoline 
was that 3 . 7  billion bushels of corn would be required . 
32 U . S . , Congress ,  House , Connnittee on Science and . 
Technology , Statement b Bob Ber land , Secretar of A riculture , 
before a subcommittee o t e committee on Science and Tee -
nology , House of Representatives , 96th Congres s ,  1st Session , 
197 9 ,  p .  1 .  
33standard Oil of Ohio , "SOHIO Pos ition on the Develop­
ment of Gasohol , "  Cleveland, 19 7 9 ,  p .  5 .  
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FIGURE 1 
SALES OF MOTOR GASOLINE BY REFINERS 
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Source : U . S .  Department of Energy forms p .  305-306. Cited by Petroleum Market · 
Shares , March , 19 7.9 .  
Year 
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1957 
1958 
1959 
1960 
196r 
1962 
1963 
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TABLE 3 
MOTOR GASOLINE DEMAND FOR 
THE PERIOD 1948-1978 
Demand a (Million of Barrels) 
(per day) 
2 . 38 
2 . 50 
. 2 .  7 2  
2 . 99 
3 . 12b 
3 . 30 
3 . 3 7 -
3 . 66 
3 . 75 
3 . 82 
3 . 9 3 
4 . 06 
4 . 13 
4 . 20 
4 . 34 
4 . 47 
Year 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973' 
1974 
1975 
1976 
1977 
1978 
Demand 
4 . 40c 
4 . 59 
4 . 81 
4 .  96 
5 . 2 6 " 
5 . 53 
5 . 78 
6 . 01 
6 . 38 
6 . 67 
6 . 54 
6 . 68 
6 . 98 
7 . 18 
7 . 41 
- aA barrel is equal to 42 gallons . One mill ion barrels per 
day is approximately 15 billion gallons per year . 
bThose figures prior to 1952 include naphtha type j et fue l .  
cThese figures prior to 1964 include motor , aviation and 
special naphtha . 
Source : U . S . , Department of Energy, Energy Information Ad­
minis tration, Annual Report to Congres s �  1 9 7 8 ,  Vol . I I ,  Table 2 1 ,  
p .  49 . 
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United States corn production in 1973 was 5 . 6  billion bush-
34 els .  Richard Kohls ,  Dean of the School of Agriculture , Pur-
due University, reported that the 1977 corn yield was 6 . 4  bil­
lion bushels . According to his figures , 4 . 3  billion bushels 
would be needed if alcohol were to replace ten percent of the 
gasoline required. 35 If margin�l land were �rought into pro­
duction , there is also a question concerning the impact on the 
environment .  Some believe use of these lands could lead to in-
d . 36 crease erosion. (For DOE ' s  �s timates of June , 1 9 7 9 ,  see 
Table 4. ) 
Corn is one o f  the major feedstocks mentioned for alco-
hol production. In 1978 the corn harvest was s even billion 
bushels ; and indications are that this performance will be re-
, 
peated in 1979.  Currently four billion bushels are used for 
livestock feed while other domestic uses require 600 mill ion 
bushels . . This leaves 2 .  4 billion bushels of corn to be exported 
or otherwise used . 37 If one fourth of livestock feed were re-
placed by the animal feed by-product of alcohol produc tion , 
3�'Alcohol Could Fuel Car s ,  But 
March 1 7 ,  1 9 7 5 ,  p .  57 . 
. ) , , " Indu stry Week , 
3 5  . U . S . , Congress ,  Senate , Economic Feasibility of Gaso-
hol ,  p. 1 7 .  
36u . s . ,  Congress , Environmental Study Conference , Fact 
She.et :· Gasohol a Fuel Whose Time Has Come? p .  5 .  
3 7Richard E .  Bell and S tewart N .  Smith, "Coming : Another 
100-bu. Corn Crop . . .  , " Farm Journal ,  May , 1 9 7 9 ,  pp.  18-19 . 
Cheese 
Citrus 
Other 
Corn 
Grain 
Sugar 
Wheat 
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TABLE 4 
SOURClS OF 'FEEDSTOCK FOR ALCOHOL 
PRODUCTION--DOE ESTIMATES 
Million Dry 
Immediately 
Available a 
wney . 9 
waste 1 . 9  
food waste 1 . 7  
1 . 8  
Sorghum . 3  
cane 
Tons 
Potentially 
Availableb 
. 9  
1 . 9  
1 . 7  
16 . 0  
2 . 7  
2 . 6  
11 . 4  
Municipal solid waste 43 . 0  
6 . 6c 80 . 2d 
aAll feedstock can be regarded as "waste material . "  
bAssumes USDA eliminates set-aside program and diversion 
. programs , all existing grain-land brought into pro�uction , 
50 ·perc·ent of all MSW us ed . No production from new or marginal 
cropland is considered, nor are agricultural residue s ,  wood 
residues or sweet sorghum potential . 
cThis would yield 660 mill ion gallons of ethanol per year . 
dThis would yield 4 , 770 mill ion gallons of ethanol per year . 
Source : U . S . , Department of Energy , The Report of the 
Alcohol Fuels Policy Review , (Washington , D . C . : U. S .  Government 
Printing Office , 1979) , Tables 4 and 5 ,  pp . 12-13.  
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another one billion bushels would be available for production 
of ethano l .  Even if corn production from s e t  aside land were 
incl�ded , it is unlikely that more than roughly four to five 
billion bushels could be used for production of ethano l .  If 
four bill ion bushels of corn were fermented, 10 . 4  billion 
gallons of ethan�l would be produced. This is approximately 
ten percent of the gasoline consumption �· the United _ State s . 38 
(See Table 5 for conversion figures . )  
If the processes for efficient conversion of cel lulose 
material to a�cohol proves viab l e ,  the amount of feedstock 
available for alcohol production is tremendous .  See Table 6 
for an estimate of the feedstock available if cellulose ma-
terial is included . Compared to the potential feedstock of 
1 . 3  to 1 . 5  billion tons of dry material , the potential feed­
stock in DOE ' s  report (Tab le 4) using conventional technology 
is minuscule . I f  1 . 3  billion tons of cellulose material were 
· processed using the new techniques , 88 . 4  bil lion gallons o f  
ethanol would be produced. This is approximately eighty 
percent of the 1978 gasoline consumption . 
New mater·ials and new methods of us ing old materials 
may provide more feedstock than estimated in Table 6 .  For ex­
ample.  s ilviculture involves the management of forest in such 
a way that the productivity of the forest is doub led or tripled. 39 
38The figures given are based on the writer ' s  own calcu­
lations . 
39stephen H .  Spurr, "Silviculture , "  Scientific American , 
February,  1979 , p .  7 6 .  
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TABLE 5 
QUANTITY OF ALCOHOL PRODUCED 
PER UNIT OF FEEDSTOCK 
Quantity of Feedstock 
Grains : 
Barley 1 bu . 
Corn 1 bu ( 1  ton) 
Milo 100 wt . 
Oats 1 bu . 
Rye 1 bu. 
· Wheat 1 bu . 
White Potatoes 1 bu . 
Sugars : 
Beet 1 bu. (1 ton) 
Beet or cane molasses 1 ton 
�rape sugar 100 lbs .  
' Residue/Wastes : 
Cheese whey 
Paper waste 
Sorghum stover 
1000 gal . 
Wood : 
Conebearing ever­
green waste 
1 ton 
1 ton 
1 ton 
Quantity of Alcohol 
Produced from Feedstock 
2 . 05 gal . 
2 . 60 gal .  ( 100 gal.) 
4 . 4  gal . 
1 . 05 gal .  
2 . 40 gal . 
2 . 60 gal . 
1 . 2 5 gal . 
. 72 gal . (20 gal . )  
7 5 . 00 gal . 
1 . 10 gal . 
25 to 30 gal .  
about 6 8  gal . 
7 . 4  gal . 
50 to 60 gal . 
Wood (Con ' t . )  
Hardwood 
Sawdust 
Wood sugar 
Miscellaneous : 
Cactus pulp 
Cellulose 
Pure s tarch 
Glucose 
Source s : 
-35-
TABLE 5 - - Continued 
Quantity of Feedstock 
1 cord 
1 ton 
1 ton 
5 lbs . 
1 ton 
1 ton 
1 ton 
Quantity of Alcohol 
Produced from Feedstock 
30 to 40 gal .  
3 0  to 3 5  gal . 
100 gal . 
1 gal . 
approx . 68 gal .  
225 gal .  
approx. 150 gal . 
- A .  Alger , "Alcohol From Cacti , "  Scientific American , 
December 15 , 1906,  p .  446 .  
- "Alky From Spuds , "  Business Week , March 25 , 1944 , p .  64 . 
- Arthur ( Illino is) Gas ohol Meeting , McKee Engineers 
Preservation, Personal notes of meeting , July 25 , 197 9 .  
- "As We Go to Pres s , "  Gasohol U . S . A . , July, 1979 , p .  3 .  
- F .  W. Ballard, "Alcohol As Future Fuel , "  Scientific 
American Supplement ,  February 13 , 1909 , p .  9 9 .  · 
- H .  Diedericks , "Alcohol as a . Fuel for Gas . Engines , "  
Scientific Amer ican Supalement , Augus t  4 ,  1906,  p .  255 -6 8 .  
- "Ethyl From Woo ," Business Week, December 4 ,  1943 , p .  63 . 
- Holman Harvey, "Chemists Hit Sawdus t Jackpot , "  Reader ' s  
Diges t ,  June , 1944 , p .  50 . . . 
- E .. F .  Linds ley , "Alcohol Power , "  Popular Science ,  April , 
19 7 5 ,  p .  70 . 
- Purdue University , Cooperative Extention Offic e ,  Alco­
hol Production From Agricultural Products : Facts and Issue s ,  
by Wallace E .  Tyner and Martin R. Okos , CES Paper 29, January 28 , 
1978 , p .  12 . 
- A .  Zimmerman , "Fuel Alcohols , "  Scientific American Sup­
plement ,  November 2 1 ,  1914 , p .  3 3 6 .  
Wood : 
Surplus growth 
Forest Residues 
Mortality 
Non-commercial 
Mill residue 
Other 
TOTAL WOOD 
Grains : 
Corn 
Wheat 
Soybeans 
Sorghum 
Other 
TOTAL GRAIN 
Sugars :  
Cane 
Beets 
Sweet Sorghum 
TOTAL SUGAR 
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TABLE 6 
SOURCES OF FEEDSTOCK FOR 
ALCOHOL PRODUCTION 
Mill ion Dry Tons a 
(1975/ 1976) 
184 
102 
87 
87 
13 
51 
524 
145 
57 
41 
19 
18 
280 
9 
10 
19 
Million Dry 
( 1990) 
Tonsb 
. 
67 
124 
94 
87 
6 
5 1  
429 
213 ' 
7 8  
89 
29 
14 
423 
31 
17 
106 
154 
. -37-
TABLE 6 - -Continued 
Million Dry Tonsa Million Dry Tonsb 
(1975/ 1976) ( 1990) 
Res idues : 
High moisture 115 150 
Low moisture 239 260 
Trash/Hulls 6 8 
Manures 47 65 
TOTAL RESIDUES 407 483 
MUNICIPAL SOLID WASTE 75b 9 9  (MSW) 
TOTAL RESOURCES 1 , 305 1 , 588 
aG . rains , res idue , MSW data for 1 9 7 5 ,  Wood and Sugar , 1 9 7 6 .  
bMSW for maj or concentrations only (about 75% of total 
U . S . ) . 
Source : T .  Alston ' s  Summary (1978) cited by Scott Sklar, 
"Alcohol Fuels : The Most Often Asked Questions , "  (Washington, 
D . C . : The National Center for Appropriate Techno logy , 1979) 
Table 1 ,  p .  ·1 3 .  
· 
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If all commercial forest areas were fully stocked with trees 
and balanced in age classes , the potential growth would be 
approximately double its current value. 40 Developments in 
p lant genetics may also help . Dr . Fredrick R .  Miller , a 
plant breeder at the Texas Agricultural Experiment S tation, 
has developed a grain sorghum that will produ�e s ix thousand 
to seven thousand pounds of grain (and thirty-seven tons of 
s tover) per acre . Sorghum is a 135 day crop ; hence two crops 
could be grown in frost free areas . 41 An interesting, if not 
unusual , suggestion for producing more feedstock involves 
planting the highway right-of-way with quack grass .  I t  is 
estimated that the 10, 450 , 000 acres of right-of-way would 
yield enough raw material to produce 4 . 05 billion gallons of 
ethanol . 42 
Alcohol (methanol) also can be made from coa l .  Since 
the United States has an e s timated one hundred trillion tons 
of coal , this resource could provide large amounts of metha­
nol .  Some believe, however , that it would be wiser to make 
40rbid . ,  p .  89 . 
4 lTexas A and M University , Department of Agricultural 
Communications , reported by James E .  Vance ,  197 9 ( ? ) . 
42u . s . , Congress , Senate , Economic Feasibility of Gaso­
hol , p .  8 8 .  
-39-
gasoline (called gasoal) from coal instead. 43 Another con-
sideration is the environmental impact o f  mining huge amounts 
of coa1 . 44 
Energy Balance 
One of the mo s t  controversial questions concerning al­
cohol is whether or not the energy balan�e fo� production of 
alcohol i s  negative . Generally the charge that alcohol h�s 
a negative energy balance has been g iven as an argument 
agains t the use of ethanol as a fuel . Some older distilleries 
used more B tu ' s  of oil and gas to produce the alcohol than 
the alcohol could provide . When the oil and gasoline used to 
grow and transport the raw material (feeds tock) for the pro-
duction of alcohol were included, the balance became even more 
negative. The conclusion was that the nation might have to 
import more oil than would be saved if ethanol were used. 45 
Although research indicates that the industrial phase 
of alcohol production is the most energy-intens ive phas e ,  the 
agricultural phase has also been studied. The energy require-
. _ ments t� prqduce ethanol from sugar cane,  sweet sorghum and 
4311.Gasoline From Coal ? "  Mechanix Illustrated, September, 
1978 , pp . 32-33 . 
44sklar. , Alcohol Fuels :  The Most Often Asked Quest ions , 
p .  3 .  
45u . s . , Department of Energy , T_h�e-=
R_e�p_or�t�o_f�th
=-
e�A�l�c_oh�o_l 
Fuels Policy Review (Washington , D . C . : Government Printing 
Office, 197g) , p .  15 . 
-40-
cassave were calculated by Jose Gomes da S ilva among others 
to determine which would be the best raw material to be used 
in the Brazilian National Alcohol Program. I t  was determined 
that sugar cane was the most energy efficient crop for Bra­
zilian ethanol production . 46 Dr . William A .  Scheller , head 
of the department of chemical engineering at the University 
of Nebraska , has calculated the energy c<>asumed in th� farm­
ing operation to be 4 6 , 000 Btu ' s  per gallon of ethanol pro­
duced .  By his calculations there is a net energy ·gain . 47 
(See Table 7 for Dr . Sch�ller ' s  calculations . )  
Dr . James Kendrick , agricultural economist of the Uni-
versity of Nebraska, has written numerous articles about the 
energy balance . According to his calculations , the net ener-
gy loss in a grain alcohol p lant is between 122 , 000 and 145 , 000 
B tu ' s  per gallon . 48 Cloud L .  Cray, Jr. , President of Midwest 
Solvents , also bel ieves the energy balance is negative. Mid­
�est Solvents produces fifteen million gallons of ethanol per 
year . Although it is one of the most efficient grain alcohol 
plants in the world, it has process energy losses of approxi-
.. mately 140, 000 B tu '  s for every gallon ·of ethanol · it. produces . 
46Jose Gomes da S ilva , et.  al . ,  "Energy Balance for 
Ethyl Alcohol Production From Crop s , "  Science, September 8 ,  
19 78 , p .  903 . 
47Anderson , "Gasohol :  Energy Mountain or Molehill?' p .  1 1 1  
48Earl V.  Anderson , "Gasoho l :  Energy Mountain or Mo le­
hil l ? "  Chemical and Engineering News , July. 31 , 197 8 ,  p .  11 .  
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TABLE 7 
ENERGY BALANGE TO PRODUCE ONE GALLON 
OF ETHANOL (DR. WILLIAM A .  SCHELLER) 
Energy Production : 
·Ethanol 
Aldehydes ,  fusel oil 
75 % of s talks , cobs , husks 
TOTAL 
Energy Consumpt ion : 
Farming operation 
B tu ' s  per . gallon of ethanol 
7 5 , 600 
1 , 100 
124,400 
201 , 100 
Transportation of stalks , etc . 
4 6 , 000 
1 , 200 
108 , 000 
155, 200 
45 , 900 
1 8 , 200 
27 , 700 
Alcohol plant 
TOTAL 
Net energy production 
Net loss in by-product production 
. TOTAL NET ENERGY 
Source : Earl V .  Anderson, "Gasoho l : Energy Mountain 
or Molehill?" Chemical and Engineering News , July 3 1 ,  197 8 ,  
p .  11 . 
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(This figure includes the energy of the grain and by-product 
animal feed . )  Since the ethanol used to make gasohol must be 
anhydrous , extra energy must be used for distillation. About 
seventy-four percent of the energy used at Midwest Solvents 
49 is for distillation and by-product recovery . (See Table 8 
for Yridwes t  Solvents '  energy calculation . )  
According to many, ethanol can be produced to yield a 
net energy gain in liquid fuel if facilities are des igned to 
produce fuel grade ethanol .  Nine engineering firms during a 
meeting on gasohol concluded that alcohol production would 
require only 80, 000 B tu '  s per bushel o f  corn ( 2  .- 6 gallons of 
anyhdrous alcohol) if the number of distillat ion columns were 
cut , the process water were recycled and heat pumps were used . 
The usual energy requirement quoted is 280, 000 B tu ' s . 50 Since 
the e thanol would be used for a fuel and not a beverage, two 
or three fractionating columns could be removed .  The purpose 
· of these unnecessary fractionating co lumns was to remove the 
heads and fusel oil which make ethanol unsuitable for beverage 
purpo ses . 51 
49 Ibid .. , p .  9 .  
SO"A Modern Farm Energy System , "  Mother Earth News , July/ 
Augus t ,  1979 , p .  9 7 .  
51will iam A .  Scheller , Energy and Ethanol , Testimony pre­
sented at the U . S . , Department of Energy hearings on Gasohol at 
Chicago , April 6 ,  1 9 7 8 ,  p .  2 .  
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TABLE 8 
ENERGY BALANCE TO PROCESS ONE BUSHEL OF GRAIN 
(MIDWEST SOLVENTS) 
Energy In : 
Grain 448 , 000 Btu ' s  
Process Energy 341 , 23 7  Btu ' s  
TOTAL 789��7 Btu ' s  
Energy Out : 
Alcohol ( 216 gallons) 218 , 472 Btu ' s  
Feed· ( 1 5 .  5 pounds) 222!874 Btu ' s  
TOTAL 441 , 346 Btu ' s  
Energy In 789 , 237 Btu ' s  
-Energy Out 441,346 Btu ' s  
ENERGY LOST IN PROCESS 347 , 891 B tu ' s  
Source : Earl V .  Anderson, "Gasohol : Energy Mountain or 
Molehill?" Chemical and Engineering News , July 3 1 ,  1 9 7 8 ,  p .  10. 
In its most recent report on alcohol fuels , DOE stated 
that the net energy balance is " clearly positive ( though small) " 
even if oil and gas are used as fuels (when credit �s taken 
for -the "free" solar energy stored in the raw material s ) . If 
coal , wood,  agricultural residue, solar energy or waste heat 
is used as the fuel source for the distillery, the process can 
be viewed as one of taking energy that the United States has 
to make a high quality transportation fuel that it needs . 52 
5 2u . s . , Department of Energy , The Report of the Alcohol 
Fuels Policy Review, p .  1 5 .  
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According to Lance Crombie, a Minnesota farmer with a 
Ph . D .  in microbiology, the use of fuel alcohol (not blended 
with .gasoline) decreases process energy requirements . Alcohol 
mixed with gasoline must be anhydrous for stability of the 
mixtur e ,  while alcohol used alone can contain water; hence ,  
the tremendous amounts o f  energy required for the removal of 
all water is not necess ary . Crombie use�a solar s t ill to 
produce his 140- , 160- and 180-proof batche s . 53 
Distributi�n System 
There are a number of stations already selling gasohol . 
Iowa has taken the lead as the larges t  marketer of gasohol in 
the United States . Over 1 . 69 million gallons o f  gasohol were 
sold in Iowa during the period from June 15 , 1978 to November 
3 1 ,  1 9 7 8 . 54 On June 1 2 ,  1 9 7 9 ,  Amoco Oil Company announced 
plans " to pro.vide gasohol to some dealers in the Midwest in 
a pilot marketing program . "  The gasohol mixture replaces one 
o f  the existing grades of gasoline at the stations . It is 
expected that the research phase of the program will last 
about one year. �5 
53 "Plowboy Interview : Lance Crombie , "  Mother Earth 
News , January/February,  1 9 7 9 ,  pp. 20-22 .  
54Phil Morgan , "Iowa Shows the Way : Gasohol , "  Road and 
Track, April , 1 9 7 9 ,  p .  130. 
55 rnformation, S tandard Oil Company ( Indiana) and Amoco 
Subsidiaries , June 1 2 ,  1979 . . 
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The maj or problem with distribution of gasohol is the 
need to modify or redes·ign the gasoline distribution system 
to avoid water contamination. The petroleum industry uses 
a partially open system for transporting gasoline. Gasoline 
is · stored in "floating roof tanks" and rain water is drained 
periodically from the bottom of the tanks . Since gasoline 
.........., . 
floats ,  'there is no problem during normal operation, but the 
presence of alcohol could cause serious problems . 5 6  Accord­
ing to Senator Carl T .  Curtis of Nebraska , the problem of al­
cohol separating from gasoline in the presence of water is 
more severe when methanol is used than when ethanol is used. 57 
Mr. J .  C .  Leutwyler , S trategic Planning Manager for Chevron 
U . S . A . , Inc . , believes that separate dry tanks for storage 
and dry tank trucks for transportation of the fuel would be 
required, and blending equipment might be needed at either 
the terminals and bulk plants or at the service stations , de­
pending on the location where the gasohol would be blended. 58 
Currently , the gasohol that is being sold is blended 
locally. This could present a problem of accurate, uniform 
56Letter from Jerry W .  Cooper , Public Affairs Coordinator , 
Amoco Oil Company , July 5 ,  1979 . · 
57u . s . ,  Congress , Senate , Alcohol Fuels , pp. 1 - 2 .  
58Letter from J .  C .  Leutwyler , Strategic Planning Manager, 
Chevron U . S . A . , Inc . , July 10,  1979 . 
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mixing . Opponents of gasohol also see the need for a "dedi­
cated pump" as an obstacle , but proponents believe that present 
equipment could be used if gasohol were sold instead of un­
leaded gasoline. 59 
"Good housekeeping" on the part of the j obber and sta­
tion manager will help to avoid any phase separation problems 
according to the Iowa Development Commis-s-ion .· The storage 
tank should be flushed with unleaded gasoline and checked for 
water before the initial tankful of gasohol is pumped into 
the tank . 60 
The only distributors of gasohol other than gasoline 
s tations were cooperatives . The Indiana Farm Bureau Co-op , 
which has its own alcohol production facilities , sold 500 , 000 
gallons of gasohol in 1978 . Support for gasohol also has come 
from Farm Service and Land O ' Lakes Cooperative . 61  
59 11DOE Proposes Deregulation of Gasohol Prices , "  Chemi­
cal and Engineering News , April 1978 , p .  2 1 .  
60Gasohol Update , Iowa Development Commission , Des Moines , 
1979 .  
61update U . S . A . , "Gasohol U . S . A . , June, 1979 , pp. 21-24.  
III . ECONOMIC FEASIBILITY OF ALCOHOL FUELS 
Crude Oil and Gasoline 
As stated earlier , one reason that alcohol fuels are . be­
ing considered as alternatives to gasoline is the large in­
crease in the price of· crude oil . Table� · in
.
dicates how the 
crude oil prices have risen. It may be seen from the table 
that the most dramatic increases occurred in 1973 ,  1974 , and 
1979 . - The price hike of July , 197 9 ,  is· only the beginning 
according to U . S .  News and World Report . It points to the 
weakness of the dollar and the fact that the Saudi Arabians 
(who have favored moderation) do not have the leverage they 
once had. 1 An official of Kuwait predicted that world prices 
ld . 1 2 wou trip e .  The Libyans want future price increases tied 
to the inflation rate of the industrial countries . 3 In July , 
197 9 ,  the inflation rate of the United States was 2stimated 
4 to be fourteen percent . 
1�'0PEC Price Hike Is Only the Beginning , "  U. S .  News and 
· wo·rld Report , July 9 ,  1979 , p .  8 .  
2s .  Fred Singer , "Oil Crisis that Isn ' t , '' New Republic , 
February 24 , 1 9 7 9 ,  p .  15 . 
3James Tanner and Ray Vicker , "OPEC Mulls plans to Sta­
bilize Oil Prices to be Between $18 and $21 . 50 a Barrel , "  
Wa'lt Street Journal , June 26 , 197 9 ,  p .  3 .  
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TABLE 9 
HOW OIL PRICES HAVE RISEN 
Price per Barrela Price Price per Gallon b Year (dollars) Change (cents )  
1945 1 . 02 2 . 4  
1946 1 . 28 . 26 3 .  o_ 
1947 2 . 20 1 . 92 5 . 2  
1948 2 . 00 ( .  20) 4 . 8  
1949-53  1 . 78 ( . 22)  4 . 2  
1954-55 1 . 98 . 20 4 .- 7 
1956 1 . 9 6  ( . 02 )  4. 7 
1957-58 2 . 08 . 12 5 . 0  
1959 1 . 80 ( . 19 )  4 . 5  
1960- 1970 1 . 80 ( .  09)  4 . 3  
1971 approx . 2 .  00  . 20 4 . 8  
1972 2 . 59 . 59 6 . 2  
1973 3 . 01 . 42 7 . 2  
5 . llc 2 . 10 12 . 2  
. 1974 ll . 68
d 6 . 57 27 . 8  
1975 12 . 30 . 62 29 . 3  
1976 13 . 04 . 74 31 . 0  
1977 13 . 61 . 57 3 2 . 4  
1978 13 . 92 : 3 1  33·. 1  
1979 (Apr . )  14 . 55 . 63 34. 6  
(July) 18 . 00 3 . 45 42 . 8  
1980 (Proj ection) e 
Low 19 . 87 1 . 87 47 . 3  
Medium 2 0 . 70  2 . 70 49 . 3  
High 2 3 . 70 5 . 70 56 . 4  
Maximum( ? )  28 . 35 10 . 35 67 . 5  
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TABLE 9 ( Continued) 
aFigures for the period 1945 -1960 are for Middle East 
Oil . For the period 1970-1979 , figures are for Saudi crude . 
(jJo figures available for 1961 to 1969 . )  
bA barrel is forty-two gallons . 
cFirst OPEC Unilateral Increase - Oct. 1 6 .  197 3 .  
dSecoud OPEC Unilateral Increase - Jan . 1 ,  1974. 
ePreliminary estimates 
LOW : rlased on average of increases from time of 1st 
OPEC meeting till July , 1 9 7 9 .  
Medium: Based on 15% inflation o f  July , 1979 figure . 
High : Based on a ceiling of $27/bb l .  wanted by Libya 
at the last OPEC meeting) minus the difference between Saudi 
and Libyan oil of $ 3 . 30/bbl . now paid. 
Maximum ( ? ) : Based 0 11  an increase three times the July 
increase (following pattern of increase for the period 19 73- 74) . 
Sources : 
- John M. Blair , The Control of Oil (New York : Pantheon 
rlooks , 1976) , p .  1 1 7 ,  p .  263. 
- "Prices , "  Monthly Energy Review , Feb . 1975 to May , 1979 . 
- "OPEC Price Hike Is Only the .Beginning , "  U . S .  News and 
World Repor�,  July 9 ,  1979 , p .  8 .  
Although Saudi Arabian crude oil is used as a bench · mark , 
its price is lower than the average price of oil imported by 
the United S tates . Table 10 compares the refinery acquis ition 
cost of crude oil from different sources . According to the ta­
ble , the average price of imported crude oil was eighty-fou·r 
- 50-
cents higher than the price of Saudi crude oil in 1974 while 
the difference in price was $1 . 03 for January, 1979 . The 
average cost of imported oil  is expected to .be about $20 . 00 
to $21 . 00 per barrel for July, 1979 . 
I t  is also apparent from Table 10 that the much lower 
price of domestic oil helps to moderate the influence of the 
price of imported oil on the composite price of o i l .  - The com­
posite price is a weighted average of domestic and imported 
prices . In 1974,  imported oil  cost $ 5 . 34 per barrel more th�n 
the domestic price , although the price difference had narrowed 
to $4 . 96 per barrel by March , 1 9 7 9 .  The difference in price 
between domestic and composite oil prices has ranged between 
$ 1 . 89 in 1974 and $2 . 25 in March , 197 9 .  
Decontrol of domestic oil prices will allow all United 
States oil prices to rise to the level s et by OPEC . Under 
President Carter ' s  plan ,  all domes tic oil would reach world 
price by 1981 . Under the old sys tem two -thirds of all United 
States oil  fell into two categories , "old" oil and "new' ' o i l .  
According to Carter, this system was "so comp��cat:ed i t  was · 
almo s t  unbelievable . 115 
Since gasoline is refined from crude o i l ,  a price in-
crease in crude oil should lead to a price increase in gaso-
line . Table 11 and its accompanying graph (Figure 2)  illus-
trate this relationship . The difference between the price of 
S"What Decontrol of Oil Will Mean , "  Newsweek, April 16 , 
1979 , p .  24. 
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regular grade gasoline and the composite price o f  oil has 
ranged between 7 . 5  cents per gallon (March and April , 1976)  
and 12 . 9  cents (December , 1979 ) . When monthly fluctuations 
are not cons idered , the difference between the. price of re­
gular grade gasoline and the compos ite price of oil has 
ranged from 9 . 1  cents (1976)  to 10 . 7  cents (1978) . 
The components of the price of gasoline include raw 
material costs ( the price of the crude o il) , refining costs , 
transportation cos ts , dealer mark-up and taxes (both state and 
federal) . For a rough estimate , the difference between the 
crude oil price and the wholesale price o f  gasoline can be 
termed the refining costs . This was discussed in the preced­
ing p aragraph. The dealer margin for leaded regular gasoline 
is given in Table 1 2 .  I t  has ranged from 6 . 7  cents per gallon 
in February , 1 9 7 3 ,  to 10 . 9  cents per gallon in March , 1974.  
Figures are not available for dealer margin from 1978 to the 
present, al though a rough estimate of the dealer margin might 
be ob tained by subtracting the average purchase price from the 
average selling price . Taxes added 12 . 2  cents per gallon to 
the price of gasoline in 1974 and 1975 while they added 12 . 5  
cents per. gallon in 1 9 7 6 ,  1977  and 1 9 7 8 .  
Table 1 3  shows the national average retail selling 
price of the different types of gasoline. The one of most in-
terest for comparison with gasohol is the unleaded premium 
s ince the alcohol hel?S boost the octane rating of the gasoline . 
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TABLE 10 
REFINER ACQUISITION COST OF CRUDE OILa 
Domestic Imported Composite Saudi $ per Barrel Arabian 
Crude 
1974 
January 6 . 72 9 . 5 9 7 . 46 NA 
February 7 . 08 12 . 45 8 . 57 NA 
March 7 . 05 12 . 7 3 8 . 68 NA 
April 7 ._21 12 . 72 9 . 13 11 . 59 
May 7 . 26 13 . 02 9 . 44 11 . 53 
June 7 . 20 13 . 06 9 . 45 1 1 . 32 
July 7 . 19 12 . 7 5 9 . 30 11 . 9 7 
Augus t  7 . 20 12 . 68 9 . 17 12 . 16 
September 7 . 18 12 . 53 9 . 13 1 1 . 4 5  
October 7 . 26 12 . 44 9 . 22 11 . 51 
November 7 . 46 12 . 53 9 . 41 12 . 1 5 
December 7 . 39 12 . 82 9 . 28 11 . 7 5 
.AVERAGE 7 . 18 12 . 52 9 . 0 7 11 . 68 
1975 January 7 . 78 1 2 . 77 9 . 48 12 . 07 
February 8 . 29 13 . 05 1 0 . 09 1 1 . 94 
March 8 . 38 . 13 . 2'8 ·9 . 9 1  11 . 78 
April 8 . 23 13 . 26 9 . 83 12 . 16 
May 8 . 33 13 . 27 9 . 7 9 12 . 27 
June 8 . 33 14. 15 1 0 . 3 3  11 . 93 
July 8 . 37 . 14.  03 10 . 57 12 . 08 
August 8 . 48 14 . 25 10 . 8 1 12 . 10 
September 8 . 49 14. 04 10 . 79 12 . 17 
October 8 . 68 14 . 66 1 0 . 8 5  12 . 64 
November 8 . 67 15 . 04 11 . 05 12 . 58 
December 8 . 66 1 4 . 8 1  10 . 9 8 1 2 . 9 3 
AVERAGE 8 . 39 13 . 9 3 10 . 38 12 . 3 0 
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TABLE 10 (Continued) 
Domestic Imported Composite Saudi $ per Barrel Arabian 
Crude 
1976 
January 9 . 14 13 . 27 ., 10. 7 6  13 . 18 
February 8 . 67 13 . 2 6 10. 54 13 . 2 1 
March 8 . 48 13 . 51 10. 44 13 . 18 
April 8 . 66 13 . 3 9  10. 63 13 . 11 
May 8 . 62 1 3 . 41 10 . 66 13 . 05 
June 8 . 60 13 . 48 10 . 88 13 . 14 
July 8 . 72 13 . 51 10 . 97 13 . 02 
August 8 . 65 13 . 58 10. 7 8 13 . 03 
September 8 . 9 5 13 . 47 1 1 . 08 12 . 87 
October 9 . 13 13 . 49 1 1 . 20 12 . 87 
November 9 . 23 13 . 58 11 . 2 6 13 . 01 
December 9 . 25 13 . 71 1 1 . 3 2  13 . 02 
AVERAGE 8 . 84 13 . 48 10. 8 9 13 . 04 
1977 
January 9 . 23 14 . 11 11 . 64 13 . 22 
February 9 . 24 14. 50 1 1 . 80 _ 13 . 32 
March 9 . 32 14 . 54 1 1 . 8 8  13 . 50 
April 9 . 21 14 . 3 6 11 . 7 5 " 13 . 41 
May 9 . 2 1 14 . 62 11 . 8 7 13 . 49 
June 9 . 34 1.4 . 63 11 . 98 13 . 39 
July 9 . 32 14 . 44 11 . 90 13 . 64 
Augus t  9 . 54 14 . 68 12 . 01 13 . 72 
September 9 . 75 14 . 50 12 . 01 14 . 01 
October 9 . 95 14 . 56 12 . 12 13 . 85 
November 10. 1 7 14 . 61 12 . 18 13 . 94 
December 10 . 15 14 . 7 6 12 . 27 13 . 9 9 
AVERAGE 9 . 55 1 4 . 53 1 1 . 9 6  13 . 61 
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TABLE 10 (Continued) 
Domestic Imported Composite S audi $ per Barrel Arabian 
Crude 
1978 
January 10 . 14 14. 52 12 . 13 13 . 93 
February :t.0 . 25 14 . 41 12 . 19 13 . 96 
March 10 . 46 14 . 57 12 . 23 1 4 . 0 7  
April 10 . 55 14 . 40 12 . 20 13 . 85 
May 10. 60 14 . 51 12 . 35 13 . 86 
June 10 . 72 14 . 54. 12 . 48 13 . 86 
July 10 . 58 14 . 49 12 . 45 13 . 81 
August 10 . 65 14 . 46 12 . 46 13 . 84 
September 10 . 65 14. 53 12 . 57 14 . 03 
October 10. 78  14 , 63 12 . 62 13 . 89 
November 10 . 87 14. 74 12 . 76 14 . 02 
December 11 . 00 14 . 94 12 . 93 14 . 00 
AVERAGE 10 . 61 14 . 57 12 . 46 13 . 92 
1979 
January 11 . 02 15 . 50 13 . 11 14 . 47 
February 11 . 34 15 . 88 13 . 42 NA 
March 11 . 45 16 . 41 13 . 70 NA 
April NA 17 . 55 NA NA 
NA = Not · available.  
aThe refiner acquisition cost is the average landed cost 
of imported crude oil for imported oil and the wellhead price 
(plus transportation) for domestic oil . 
Source : 
"Prices : Crude Oil , "  Monthly Energy Review, January 
1975 to May 1979 . 
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FIGURE 2 
GRAPtlICAL REPRESENTATION OF VALUES FROM TABLE" -11 
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TABLE 11 
WHOLESALE PRICE OF MOTOR GASOLINE 
COMPARED TO IMPORTED AND COMPOSITE REFINER 
ACQUISITION COSTS OF CRUDE OIL 
Price in Cents per Gallon 
CRUDE OILa (1)  MOTOR GASOLINE 
Reg.< Gfade Imported Compos i te Price Dif . 
(2)  - (1)  
31 . 6  25 . 6  7 . 8  3 3 . 4  
31 . 6  2 5 . 1 7 . 7  32 . 8  
32 . 2  24 . 9  7 . 5  32 . 4  
3 1 . 9  25 . 3  7 . 5  32 . 8  
3 1 . 9  25 . 4  8 . 9  34 . 3  
3 2 . 1 25 . 9  1 0 . 1 3 6 . 0  
32 . 2  2 6 . 1  10 . 3  3 6 . 4  
32 . 3  2 5 . 7  10 . 8  3 6 . 5  
32 . l.  2 6 .  4 10 . 1  3 6 . 5  
32 . 1  2 6 . 7  9 . 7  36 . 4  
32 . 3  2 6 . 8  9 . 3  3 6 . 1  
32 . 6  26 . 9  8 . 9  35 . 8  
32 . 1  25 . 9  9 . 1  35 . 0  
33 . 6  2 7 . 7  8 . 1  3 5 . 8  
34 . 5  28 . 1  8 . 5  36 . 6  
34. 6  28 . 3  9 . 0  37 . 3  
34 . 2  28 . 0  1 0 . 1  3 8 . 1 
34. 8 28 . 3  10 . 4  38 . 7  
34 . 8  23 . 3  10 . 8  39 . 1  
3 4 . 4  2 3 . 3  10 . 8  39 . 1  
(3) 
Ave . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
3 5 . 3  
3 5 . 2  
3 5 . 3  
35 . 2  
33 . 8 ' 
. 3 5 .  3 
35 . 5  
3 6 .  0 
36 . 9  
37 . 2  
3 7 . 6  
38 . 0  
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TABLE 11 (Cont inued) 
Price in Cents per Gallon 
CRUDE OIL a MOTOR GASOLINE 
(1) (2) (3) 
Imported Composite Price Dif. 
(2)- ( 1) 
Reg. Grade Average 
1977 (cont . )  
Aug . 34 . 9  28 . 6  10 . 2  38 . 8  3 7 . 8  
Sep t .  34 . 5  28 . 6  9 . 8  3 8 . 4  37 . 6  
Oct . 34 . 7  28 . 9  9 . 4  38 . 3  3 7 . 4  
Nov. 34 . 8  2 9 . 0  9 . 2  38 . 2  37 . 4  
Dec . 35 . 1  29 . 2  9 . 0  38 . 2  3 7 . 3  
AVERAGE 34. 6 28 . 5  9 . 6  38 . 1  3 7 . 0  
1978 
Jan . 34 . 6  28 . 9  8 . 9  37 . 8  37 . 0  
Feb . 34 . 3  29 . 0  8 . 5  3 7 . 5  3 7 . 0  
Mar . 34 . 7  29 . 1  8 . 5  3 7 . 6  36 . 8  
Apr . 3 4 : 3  29 . 0  9 . 1  38 . 1  3 7 . 4  
May 34 . 5  29 . 4  9 . 6  39 . 0  38 . 5  
June 34 . 6  29 . 7  10 . 2  39 . 9  39 . 2  
July 34. 5 29 . 6  11 . 2  40 . 8  40 . 0  
Aug . 34 . 4  29 . 7  12 . 1  41 . 8  40 . 6  
Sept.. 34 . 6  29 . 9  12 . 5 . 4 2 .  4 . 40 . 6  
Oct . 34 . 8  30 . 0  12 . 4  42 . 4  40 . 4  
Nov. 35 . 6  30 . 4  12 . 8  43 . 2  41 . 1  
Dec . 35 . 6  30 . . 8 1 2 .  9. 43 . 7  42 . 1  
AVERAGE 34 . 7  2 9 . 7  ·10 . 7 40 . 4  3 9 . 2  
1979Jan. 36 . 9  31 . 2  11 . 7  NA 42 . 9  
Feb . 3 7 . 8  32 . 0  11 . 8  NA 43 . 8  
March 39 . l  32 . 6  13 . 0  NA 45 . 6  
Apr. 41 . 8  NA NA NA 48 . 7  
AVERAGE 38 . 9  3 1 . 9  13 . 4  NA 45 . 3  
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TABLE 11 (Continued) 
NA = Not Available . 
aValues computed using convers ion factor = 1 barrel = 
42 gallons . 
bFigures from (3) are used for 1 9 7 9 .  
Sources : 
- ''Prices : Crude Oil , "  Monthly En�gy Review, January 
1975 to May 19 79 . 
- 1be Petroleum Situation, Vol .  1 (No . 4) to Vol .  3 .  
- U . S .  Department o f  Energy , Annual Report to Congres s ,  
1 9 7 8 ,  Vol .  I I ,  Table 2 8 ,  p .  65 . 
The June,  1979 price of unleaded premium gasoline was 95 . 7  cents 
f·or full- service pumps and 9 3 .  8 cents for self-service pumps . 
How much higher will gasoline prices go? Each $1. 00 in­
crease in the price per barrel results in an increase of 2 . 3 8 
cents per gallon for the raw material (crude oil) to make gaso­
l ine . The price of domestic crude oil was $11 . 45 ?er barrel 
in March , 1979 (Table 10), while i t  was stated earlier that 
imported crude was estimated to cos t  $21 . 00 per barrel (July, 
19 79) . If domestic crude prices rose to the world price o f  
July, 19 7 9 ,  approximately 12 . 3  cents per gallon would b e  ad-
d d h . 1 f k 0 l 0 6 e to t e raw materia costs or ma ing gaso ine . 
6This value was ob�ained as follows : 
54 ($21 . 00 - $ 1 1 . 45) 1 barrel · 
, barrel x 42 gallons = 
$ . 123 
gallon 
Tne . 54 adjusts for the fact that 46% of the total oil 
used i s  imported. 
1973 
AVERAGE 
1974 
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TABLE 12 
LEADED REGULAR GASOLINE PRICES 
AT RETAIL OUTLETS (FULL SERVE) 
January 
FeI?uary 
March 
April 
May 
June 
July 
Augus t  
September 
October 
i�ovember 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
Average 
Selling 
Price 
Average 
Purchase 
Price 
Cents per gallon , in�luding 
3 7 . 3  3 0 . 5 
36 . 8  30 . l  
37 . 9  30 . 8  
38 . 3  31 . 0  
38 . 5  3 1 . 2 
38 . 8  3 1 . 2  
38 . 8  3 1 . 2  
38 . 8  31 . 2  
38 . 7  31 . 1  
39 . 7  3 2 . 2  
41 . 3  33 . 6  
43 . 3  35 . 1  
39 . 0  3 1 . 6  
46 . 3  3 7 . 4  
48 . 8  39 . 7  
5 2 ." 3  41 . 4  
53 . 4  42 . 7  
.54.  7 44 . 1  
55 . 1  44 . 8  
55 . 2  45 . 0  
54 . 9  45 . 1  
54 . 2  44 . 8  
Average 
Dealer 
Margin 
tax a 
6 . 8  
6 . 7  
7 . 1  
7 . 3  
7 . 3  
7 . 6  
7 . 6  
7 . 6  
7 . 6  
7 . 5  
7 . 7  
8 . 2  
8 . 9  
9 . 1  
10 . 9  
1 0 . 7  
10 . 6  
10 . 3  
10 . 2  
9 . 8  
9 . 4  
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TABLE 12 (Continued) 
Average 
Selling 
Price 
Cents 
1974 (cont . )  
October 5 2 . 4  
November 52 . 0  
December 52 . 0  
AVERAGE 52 . 8  
1975 
January 52 . 4  
February 52 . 5  
March 52 . 6  
April 53 . 5  
May 54 . 3  
June 5 5 . 6 
July 58 . 7  
August 59 . 2  
September 59 . 3  
October 58 . 9  
November 58 . 4  
December 58 . 0  
.. 
AVERAGE 56 . 2  
1976 
January 5 7 . 7  
February 57 . l  
March 56 . 6  
April 5 6 . 6  
May 5 7 . 4  
per 
Average Average 
Purchase Dealer 
Price Margin 
gailon , · 1 d . a inc u ing tax 
.43 . 4' 9 . 0  
43 . 2  8 . 8  
43 . 3  8 . 7  
43 . 1  
43 . 4  9 . 0  
43 . 5  9 . 0  
43 . 8  8 . 8  
44 . 9  8 . 6  
46 . 0  8 . 3  
47 . 5  8 . 1  
50 . 3  8 . 4  
50 . 8  8 . 4  
5 1 . 1 8 . 2  
50 . 7  8 . 2  
50 . 2  8 . 2  
49 . 9  8 . 1  
47 . 8  
49 . 6  8 . 1  
48 . 8  8 . 3  
48 . 3  8 . 3  
48 . 6  8 . 0  
50 . 0  7 . 4  
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TABLE 12 (Continued) 
Average Average Average 
Selling Purchase Dealer 
Price Price Margin 
Cents per 
-
gallon , including taxa 
1976 (cont . )  
June 59 . 0  5 1 .  6' 7 . 4  
July 59 . 6  52 . 2  7 . 4  
August 60 . l  52 . 7  7 . 4  
September 60 . 2  52 . 6  7 . 6  
October 60 . 2  52 . 6  7 . 6  
November 60 . 0  52 . 2  7 . 8  
December 59 . 9  52 . 0  7 . 9  
AVERAGE 58 . 7  51 . 0  
1977 
January 59 . 9  52 . 0  7 . 9  
February 6 0 .  7 52 . 8  7 . 9  
March 61 . 3  5 3 . 5 7 . 8  
April 62 . 2  54 . 1  8 . 1  
May 62 . 9  55 . 0  7 . 9  
June 63 . 4  55 . 3  8 . 1  
July 63 . 4  55 . 1  8 . 3  
August 63 . 4  5 5 . 0  8 . 4  
September 63.  3· ';>4. 7 8 . 6  
October 63 . 2  54. 4 8 . 8  
' 
.November 63 . 1  · 54 . 4  8 . 7  
December 63 . 3  54. 3 9 . 0  
AVERAGE 62 . 6  54 . 2  
1978 
Jantiar.y 6 1 .  7 5 2 . 7 NA 
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TABLE 1 2  (Continued) 
Average 
S e l l ing 
Price 
Average 
Purchase 
Price 
Average 
Dealer 
Margin 
a Cents per gallon � .  including tax 
1978 (cont . )  
February 
March 
Apri l 
AVERAGE 
l.97 S  
AVERAGE 
( 6  mo . )  
May 
June 
July 
Augus t 
September 
October 
November 
December 
January 
February 
March 
�pril 
May 
June 
61 . 6  
61 . 7  
61 . 9  
62 . 5  
63 . 4  
64 . 6  
65 . 4  
6 5 . 8  
65 . 9  
66 . 7  
6 7 .  5 . 
63 . 9  
6 8 . 4  
70 . 1  
· 73 . 3  
7 7 . 3  
8 1 . 4. 
87 . 8  
7 6 . 4  
52 . 6  
54 . 0b 
54. 6 
55 . 7  
5 6 . 4  
57 . 2  
57 . 8  
57 . 8  
•. 
·57 .  6 
58 . 3  
59 . 3  
5 6 . 4  
60 . l  
61 . 0  
62 . 8  
65 . 9  
NA · 
' 
NA 
81-o der·ive prices excluding taxes dedu�t : 
12. 2¢/gallon -- 1974, 1975 prices 
1 2 . 5¢/gallon -- 197 6 ,  1977 , 1978 prices 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
�A 
NA 
NA 
Note: Included in the taxes is .a 4¢/gallon federal gaso­
line . tax while the balance reflectl� a national average of state 
motor vehicle gasoline taxes . 
bvalues from March , 197 8 , to April,  1979, calculated using 
monthly wholesale prices (from The Petroleum S ituation) plus 
17 . 2C (cos t of transportation , taxes , etc .) . The figure 17 . 2¢ 
is b�sed on the difference between monthly average wholesale 
gasoline price and the average purchase price for 1977 . This · 
may distort the figures of this column from their "true" value 
by approximately ± . 5  cent s .  
NA = Not Available 
Sources : 
- The Petroleum Situation , Vol .  r··-(No � 8) to  Vo-1 . 3 
(No. 5) . 
- "Prices , "  Monthly Energy Review, January ,· 197 5 ,  to 
May, 197 9 .  
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TABLE 13 
NATIONAL AVERAGE RETAIL DEALER MOTOR GASOLINE 
SELLING PRICES (CENTS PER GALLON) 
Leaded Unleaded Leaded Premium 
(Reg) (�eg) 
S ervice : Full Self Full Self Full Self 
1975 . ..... ·-� . 
Jan . 52 . 4  NA NA NA 5 7 . 1  NA 
Feb . 52 . 5  NA 56 . 1  NA 57 . 3  NA 
:t-A'�r . 52 . 6  NA 56 . 2  NA 57 . 5  NA 
Apr . 53 . 5  NA 57 . 1  NA 58 . 2  NA 
May 54 . 3  57 . 9  59 . 0  NA 59 . 0  NA 
June 55 . 6  NA 58 . 8  NA 60 . 3  NA 
July 58 . 7  NA 61 . 5  NA 63 . 1  NA 
Aug . 59 . 2  NA 62 . 0  NA 63 . 6  NA 
S ep t .  59 . 3  NA 62 . 1  NA 63 . 8  N.K 
Oct . 58 . 9  NA 62 . l  NA 63 . 4  NA 
Nov. 58 . 4  55 . 4  62 . 0  NA 63 . 2  NA 
Dec . 58 . 0  54 . 9 " 6 1 . 4  NA 62 . 9  NA 
AVERAGE 56 . 2  55 . 1  60 . 9  
1976. 
Jan . 5 7 . 7  54 . 7  61 . 2  NA 62 . 7  59 . 6  
Feb .· 5 7 . 1  53 . 8  60 . 6  .NA 62 . 1  · sB. : 9  
Mar . 56 . 6  53 . 2  60 . 1  NA 61 . 6  58 . 4  
Apr. 56 . 6  53 . 2  60 . 4  NA 61 . 6  58 . 5  
May 57 . 4  54 . 4  61 . 1  NA 62 . 4  59 . 6  
June 59 . 0  56 . 3  62 . 9  · NA 63 . 9  61 . 4  
July 59 . 6  56 . 6  63 . 2  NA 64 . 6  61 . 8  
Aug 60 . 1  56 . 7  63 . 9  NA 65 . 2  62 . 0  
Sept . 60 . 2  5 6 . 5  64 . 0  NA 65 . 3  61 . 9  
Oct . 60 . 2  5 6 . 5  64 . 0  NA 65 . 2  61 . 9  
Unleaded Prem. 
Full Self 
NA NA 
NA NA 
NA NA 
NA ' NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
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TABLE 13 (Continued) 
Leaded Unleaded Lead'ed· Prem. Unleaded Prem. 
( Reg) Reg) 
S ervice : Full Self Full Self Full Self Full Self 
1976 
Nov .. 60 . 0  56 . 4  63 . 9  NA 6 5 .2 �··� . 61 . 9  NA NA 
Dec . 59 . 9  56 . 1  63 . 9  NA 65 . 0  61 . 6  NA NA 
AVERAGE 58 . 7  55 . 4  62 . 5  63 . 8  60 . 7  
1977 
Jan . 59 . 9  56 . 2  64 . 0  NA 65 . 2  61 . 7  68 . 4  NA 
Feb . 60 . 7  5 7 . 1  65 . 0  NA 6 6 . 1  62 . 7  67 . 2  NA 
Mar . 61 . 3  57 . 7  65 . 4  NA 6 6 . 8  63 . 3  70 . 7  NA 
. Apr . 62 . 2  58 . 4  6 6 . 1  NA 67 . 6  64 . 1  7 1 . 7  NA 
May 62 . 9  58 . 9  6 6 . 7  NA 68 . 4  64 . 8  7 1 . 2  NA 
June 63 . 4  59 . 3  67 . 2  NA 68 . 9  65 . 2  7 1 . 7  NA 
July 63 . 4  59 . 2  67 . 3  NA 68 . 9  65 . 2  7 1 . 4  NA 
Aug . 63 . 4  58 . 8  ,, 67 . 0  63 . 7  68 . 9  65 . 8  7 1 .  4 NA 
Sep t .  63 . 3  58 .. 5 67 . 0  63 . 7  68 . 9  65 . 8  7 1 . 3  NA 
Oct . 63 . 2  58 . 2  67 . 0  63 . 6  68 . 9  65 . 7  7 1 . 3  NA 
Nov. 63 . 1  58 . 1  67 . 0  63 . 4  68 . 9  65 . 6  7 1 . 3  NA 
·Dec . 63 . 3  58 . 2  67 . 2  63 . 6  6 9 . 1  65 . 8  70 . 6  NA 
AVE.RAGE 62 �·6 58 . 2  6 6 . 4  63 . 6  68 . 1  64 . 7  7 1 . 0  
1978 
:Jan. 61 . 7  5 7 . 2  65 . 8  61 . 6  6 7 . 7  63 . 5  6 9 . 6  66 . 0  
Feb . 61 . 6  57 . 1  65 . 7  61 . 8  6 7 . 7  64 . 0  NA 6 6 . 1  
Mar .  61 . 7  5 7 . 0  65 . 8  61 . 8  68 . 0  63 . 9  6 9 . 7  6 6 . 0  
Apr. 61 . 9  5 7 . 2  6 6 . 1  62 . 0  68 . 3  64 . 3  7 0 . 4  NA 
May 62 . 5  58 . 2  6 6 . 9  62 . 9  69 . 0  65 . 3  NA NA 
June 63 . 4  59 . 0  67 . 8  64 . 0  70 . 0  6 6 . 2  NA NA 
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TABLE 13 (Continued) 
Leaded Unleaded Leaded Prem. Unleaded Prem. 
(Reg) ( Reg) 
Service : Full Sel.f Full Self Full Self Full Self 
1978 
July 64 . 6  60 . 6  68 . 8  65 . 6  7 1  :1:' . 68 . 2  73 . 5  70 . 3  
Aug . 65 . 4  61 . 2  69 . 8  66 . 2  7 2 . 0  68 . 8  7 4 . 4  7 1 . 3  
S ep t .  6 5 . 8  61 . 7  70 . 2  66 . 9  7 2 . 4  69 . 2  7 5 . 2  7 1 . 3  
Oct . 65 . 9  61 . 5  70 . 2  66 . 7  7 2 . 5  69 . 3  7 4 . 8  7 1 . 8  
Nov. 66 . 7  62 . 3  7 1 . 1  6 7 . 7  7 3 . 3  70 . 1  7 6 . 3  7 3 . 9  
Dec . 6 7 . 5  R63 . 4  7 1 . 7  68 . 7  R7 3 .  7 7 1 . 0  7 7 . 1  74 . 7  
AVERAGE 63 . 9  59 . 8  68 . 4  64 . 9  69 . 4  67 . 1  72 . 8  69 . 7  
1979 Jan . 68 . 4  64 . 3  72 . 4  69 . 4  74 . 8  72 . 1  78 . 6  7 5 . 1  
Feb . 70 . l  66 . 2  74 . 2  71 '. 3  7 6 . 6  74 . 1  80 . 8  77 . 0  
Mar . 7 3 . 3  69 . 9  7 7 . 6  75 . 1  79 . 9  7 7 . 4  83 . 3  80 . 4  
Apr . 7 7 . 3  74. 8 8 1 . 7  79 . 7  83 . 9  82 . 0  85 . 9  83 . 2  
May 8 1 . 4  79 . 3  8 5 . 9 84 . 0  8 7 . 9  86 . 0  89 . 8  87 . 6  
June 87 � 8  86 . 0  92 . 0  9 0 . 0 93 . 6  91 . 9  95 . 7  93 . 8  
AVERAGE 7 6 . 4  73 . 4  80 . 6  7 8 . 3  82 . 8  80 . 6  85. 7 82 . 9  
( 6  mo . )  
alncludes a 12 . 5¢ (12 . 2¢ for 197 5) tax--4¢ federal & 8 . 5¢ 
state tax (national average)·. 
Sources : 
- "Prices , "  Monthly Energy Review, January 1975 to May 1976.  
- Platt ' s /Lundberg Report cited in communicat ions with Ameri-
can Petroleum Institute. 
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The Price o f  Alcohol 
Methanol 
The price of methanol depends on the feedstock used. 
Table 14 shows the projected feedstock . cos t  component for the 
production of methanol from biomas s . I t  is apparent from the 
table that municipal solid waste (MSW) is the least expensive 
of the biomass feedstocks . According to -Richard Berman , the 
manufacturing cos t  of methanol made from five-dollar-per- ton 
coal would be $ -. 41 (1975 dollars) while the cost for methanol 
from nine-dollar-per - ton coal would be $ . 63 . 7 A 1975 s tudy 
by the Maine Office o f  Energy Resources indicated that a 
s ixty-five-million gallon per year p lant us ing tree and tree 
waste for feeds tock could produce methanol at a cost of four­
teen to nineteen cents per gallon. 8 Table 15 gives DOE ' s  
1978 estimated selling price for methanol made from different 
, 
feedstock. According to the tab l e ,  methanol made from coal is 
the least expensive. Leslie H .  Grove bel ieves methyl fuel can 
be produced from any organic waste for a cost of twenty-one 
to twenty-five cents per gallon . 9 Currently, methanol ( from 
· 10 
· coal) sells for approximately s eventy cents per gallon. 
7 U . S . ,  Congres s , Senate , Alcohol Fuels , p .  318 . 
8Myron W .  Levin , - "Energy Alternative , "  The Progress ive , 
May, 1975 , p .  3 3 .  
9Leslie H .  Grove , personal letter , June , 1979 . 
10standard Oil of Ohio , SOHIO Position on the Development 
of Gasohol , (Cleveland : Standard Uil or Uhio) , 1979 . 
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TABLE 14 
BIOMASS FEEDSTOCK COST COMPONENT IN METHANOL PRODUCTIONa 
(Constant 1977 Dollars per Gallon) b 
Low Medium High Low Medium High Low Medium High 
1980 1990 2000 --
Wood . 09 . 14 . 3 5 . 14 . 1 7 . 38 . 1 6 . 2 0 . 40 
Agricultural 
' 
residue : 
Corn stover . 10 . . 18 . 32 . 1 1 . 23 . 36 . 12 . 24 . 38 
Wheat s traw . 03 . 12 . 2 9 . 03 . 14 . 32 . 03 . 16 . 35 
MSW . 00 . 05 . 10 ( .  01) . 05 . 10 ( . 02) . 05 . 10 
MSW = Municipal solid waste 
aTransportation costs are included only for wood . 
bThe low, medium and high for each year correspond to use of 20% , 50% and 80%, respect­
tively, of available feedstock for alcohol production. 
Source : 
U . S . , Department of Energy , The Report of the Alcohol Fuels. Policy Review, Table II - 18 , 
June , 1979 , p .  6 1 .  
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TABLE 15 
ESTIMATED 197'8 METHANOL SELLING PRICESa 
Source 
Plant Size 
(Million Gallons) 
per year 
Coal : 
Bituminous 723 
Lignite 650 
Wood 57 
l1unicipal solid waste 32 
al00% equity financing 
bDCF - Discounted cash flow 
15%b DCF 
per gallon 
32¢ to 45¢ 
38¢ to 50¢ 
. 65¢ 
85¢ 
20%b DCF 
per gallon 
39¢ to 55¢ 
49¢ to 60¢ 
81¢ 
120¢ 
Source : U . S . , Department of Energy , The Retort of th� Alcohol Fuels Policy Review, Table III - 1 ,  June 979, p .  72. 
(Table 16 shows the specific economics o f  methanol production 
used by DOE . 
Mos t  methanol now produced in the United States is made 
by use of a proces s  developed by Imperial Chemicals Indus tries , 
Ltd. in the 1960 ' s al though o ther processes are under develop-
ment . The economics for production of methanol from lignite 
and municipal solid waste (Table 16) were based on use of the 
ICI Proces s .  Two new processes , the Texaco Partial Oxidation 
Pro cess for coal gasification and the Chem Sys tems Process 
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TABLE 16 
DOE ' s ECONOMICS OF METHAL PRODUCTION- - 1978 COST BASIS 
Feedstock a 
Feedstock Production Plant Capital 
($M1) 
Canponents of Selling Price 
($/gallon) . 
Estimated Selling Price 
Price Rate 
($/ton) (}M;/yr. )  · Fixed WC Feedstoc k -
cost 
Lignite $ 7 . 00 650 738 . 5  12 . 5  . 07 
B ituminousb 
coal ( 1) $24 . 50 723 537 . 6  14. 3 .. 10 
(2) $24 . 50 723 537 . 6  14 . 3  .  10 
(3) $24 . 50 723 537 . 6  14. 3 .. 10 
(4) $24 . 50 723 537 .. 6 14 . 3  . 10 
Municipal 
solid ($12 . 00/ ton) 32 108 . 3  1 . 54 . 31 
waste credit 
Wood $2850/dry ton 5 7  92 . 7  2 . 16 . 16 
WC = Working capital MMG = .Million gallons 
($/gallon) 
Direct Fixed 15% OCF 20'/oOCF Operatmg C.Osits 
CO st 
-
. 08 . 10 . 3 80 . 490 
. 0 6 . 07 . 320 . 393 
. 06 . 07 . 328 . 406 
. 06 . 07 . 3 10 . 37 7  
. 06 . 07 . 27 0  . 290 
. 33 . 31 . 85 1 . 20 
. 14 . 15 . 65 . 81 
DCF = Discounted cash flow 
�conomic analysis for feedstocks based on processes under development . Commercial 
processes do exist for use of lignite and bituminous coa l .  
b (l) base case - - 10 yr . depreciation , 2 0  yr . plant life , 10% investment credit ; ( 2 )  2 0  yr . 
depreciation ; (3) 30% inves tment tax credit ; (4) debt financin� , 80/20 deb�-to-equity ratio . 
Source : U . S . , Department of Energy , The Report of the Alcohol Fuels' Policy Review, 
Table III - 3 ,  June , 1979 , p .  74.  
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or methanol synthes is were used to estimate the economics for 
methanol from bi tuminous coal found in Table 1 6 . 11 
Ethanol 
With few exceptions the price per gallon of ethanol has 
been higher than the price per gallon of gasoline (and metha­
nol) . Table 17 shows the per gallon price . of' ethanol for var­
ious years ( s tarting in 1906) . In July, 1979 , the selling 
price of ethanol was approximately $ 1 . 70 per anhydrous gallon ; 
however , s ome believe the use of new processes wil l lower this 
price . 
The price of ethanol depends , in par t ,  on the feedstock 
used . Tab le 18 shows the projected feedstock cost components 
for the production of ethanol .  According to the values of the 
table , municipal and food processing wastes are the least ex-
pensive feedstocks . Wheat and cane sugar are the most expen-
s ive feedstocks . 
DOE ' s  estimated 1978 ethanol selling price i s  shown in 
Table 19 . Ethanol made from milo has the lowest selling price, 
while ethanol from cane sugar has the highes t  pric e .  The e s ­
timated selling price o f  ethanol from corn, for a dis counted 
cash flow of twenty percent , is fifty- four cents lower than the 
July, 1979 , selling price of Archer Daniels Midland (ADM) . 
1 1u . s . , Department of Energy , The Report of the Alcohol 
Fuels Policy Review, (Washington, D . C . : Government Print ing 
Office ,  1979), pp . 82-83 . 
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TABLE 1'7 
PRICE OF ETHANOL 
(LARGE COMMERCIAL SOURCES )  
Year Price per gallon Connnents 
(dollars) 
1906 . 20 
1907 . 3 7 Gasoline costs about 
1909 . 40 9 to 10 cents . 
1922 . 35 
1942 . 63 Midwes t  Solvents 
1950 . 75 
1956 . 60 All the refinery gaso-
line costs 12-14 cents 
19 7 7  . 98 No profit included 
1 . 2 0-1 . 37 Large quantities 
1978 , April 1 . 29 Gasoline 
July 1 . 22 
19 7 9 ,  January 1 . 40 ADM 
April 1 . 20 In Washington, D . C .  area 
May 1 . 40 ADM 
June 1 . 50 Midwest Solvents 
July 1 . 70 ADM 
1 � 72 Midwest ·solvents 
1 . 65 Publicker estimate 
Sources : 
- "Alcohol as an Automobile Fuel , "  S cientific American, 
April 2 0 ,  190 7 ,  p .  333- . 
- F .  W .  Ballard , "Alcohol as Future Fuel , "  Scientific 
American Supplemen t ,  February 13 , 1909 , p .  9 9 .  
- Dick Braun , "Gagohol Goes Connnercial in the U . S . , "  
Farm Journal , January , 1979 , pp . 33A to 33B. 
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TABLE 1 7  (Continued) 
- H .  Diederichs , "Alcohol as a Fuel for Gas Engines , "  
Scientific American Supplemen t ,  Augus t  4 ,  1906 , pp . 255-68 - 7 1 .  
-CONOCO , Insight : A Report to Managers , April 4 ,  1 9 7 8 .  
- Fred J .  Cook, "Gasohol - A 100 Proof Solution , "  The 
Nation , April 2 1 ,  1979 , p .  417 .  
- "DOE Proposes Deregulation of Gasohol Prices , "  Chemical 
and Engineering News , April ,  1 9 7 8 ,  p .  2 1 .  
- "New Price Weapons for Gasoline Dealers , "  Business Week, 
October 4 ,  19 7 6 ,  pp . 3Z-33 . --· · 
- Jack Odle,  "Gasohol - A Possible Energy Source ," Pro­
gress ive Farmers ,  Apr i l ,  19 7 9 ,  pp . B-6 to B - 8 .  
- "Substitutes for Gasoline , "  Literary Digest ,  Augus t 5 ,  
1922 , p .  27 . . 
- U . S . , Congres s ,  Environmental Study Conference ,  Fact 
Sheet , May 22 , 1 9 7 9 ,  p .  3 .  
- U . S . , House ,  Committee on Agricultur e ,  Statement of 
Cloud L.  Cray�'--- Jr . ,  Hearings before a subcommittee of the com­
mittee on agriculture ,  May 16 , 19 7 9 .  
- U . S . , Senate, Economic Feasibil ity of Gasohol . 
- "Will Autos Solve Grain Surplus ? "  U . S .  News and World 
Report ,  May 2 5 ,  1 9 5 6 ,' p .  48 . 
- Personal ·communications with personnel of Publicker 
Chemical Corporation, Archer Daniel Midland and Midwes t  Solvent s .  
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TABLE 18 
BIOMASS FEEDSTOCK COST COMPONENT IN ETHANOL PRODUCTION 
Wood 
Agricultural 
residue : 
Corn s tover 
Wheat straw 
Grains : 
Low 
. 34 
. 38 
. 11 
Corn . 63 
Wheat . 83 
Grain sorghum . 60 
Sugars : 
Cane 1 . 40 
Sweet sorghum 
MSW 0 .  0 
Food processing 
waste : 
Citrus 
Chees·e 
Other 
. 28 
. 00 
. 00 
(Constant 1 9 7 7  Dollars per Gallon) a 
Medium High Low Medium High 
1980 
. 53 
. 68 
. 43 
. 83 
1 . 04 
. 7 5 
1 . 40 
. 20 
. 56 
. 04 
. 48 
1 .  28 
1 . 19 
1 . 06 
. 96 
1 . 1 7 
. 86 
1 . 40 
. 40 
. 79 
. 21 
. 85 
. 5 1 
. 40 
. 1 1 
. 8 3 
1 . 0 9 
. 7 9 
1 . 45 
. 83 
( .  04) 
. 3 1 
. 0 0 
. 0 0 
1990 
. 64 
. 8 5 
. 53 
1 . 08 
1 . 35 
1 . 00 
1 . 55 
. 8 7 
. 18 
. 57 
. 08 
. 52 
1 . 38 
1 . 3 2 
1 . 1 7 
1 . 25 
1 .  52 
1 . 13 
1 . 64 
. 9 1 
. .40 
. 8 0 
. 23 
. 9 5 
aTransportation costs are included only for wood. 
Low 
. 60 
. 43 
. 11 
. 96 
1 . 26 
. 9 0 
1 . 45 
. 94 
( 0 . 08) 
. 34 
. 00 
. 00 
Medium 
2000 
. 74 
. 89 
. 57 
1 . 25 
1 . 5 6 
1 . 1 5 
1 . 5 5 
. 98 
. 16 
. 58 
. 11 
. 5 6 
High 
1 . 49 
1 . 38 
1 . 28 
1 . 44 
1 . 7 6 
1 . 3 1 
1 . 64 
1 . 04 
. 40 
. 8 1 
. 24 
1 . 0 5 
bThe low, medium and high for each year corresponds to us e of 20% , 50% and 80% , respectively, 
o f  available feedstock for alcohol produc tion. 
Source : U . S . ,  Department of Energy , The Report of the Alcohol Fuels Pol icy Review, June, 
19 79 , Table 18,  p .  61 . 
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TABLE 19 
ESTIMATED 197-8 ETHANOL SELLING PRICESa 
Plant Size 15% 20% 
Source (Million Gallons) DCFb DCF 
per year per gallon per gallon 
Agricultural 
crop s : 
Milo 50 $1 . 02 $1 . 13 
Corn 50 1 . 05 1 . 1 6 
Corn/com 
s tover 50 - 1 . 09 1 . 21 
Wheat 50 1 . 31 1 . 44 
Sweet sorghum 50 1 . 40 1 . 59 
sugar cane 2 5  2 . 07 2 . 30 
Agricultural 
residue and 
b iomas s :  
Corn s tover 2 5  1 . 32 1 . 63 
Wheat s traw 2� 2 . 13 2 . 41 
Acquat�c biomass 25 2 . 05 2 . 23 
Processing waste : 
Cheese whey 2 . 8  1 . 25 1 . 63 
al00% equity financing 
bDCF = Discounted cash flow 
Source : U . S . ,  Department of Energy , The Report of the 
Alcohol Fuels Policy Review , Table III - 2 ,  June , 1979, p .  72 . 
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12 E thano l sold by Archer Daniels Midland is made from corn . 
(See Table 20 for the specific economics of ethanol product ion 
used by DOE . )  
According to a paper by Gerald R .. Cysewski and Charles 
R . .Wilke , each one cent per pound sugar co s t  adds 14 . 3 cent·s 
per pound to the manufacturing cos t  of 190-proof ethano l .  If 
the sugar cost is more - than two to three -�ents per pound, the 
sugar cos t  dominates the economics of ethanol production . 
Th . . h . . 13 is is t e present s ituation. 
12p 1 . . . h M B k (A h D ersona coimilunications wit r r . ur ett re er an-
iels Midlan.d) , 1 9 7 9 .  
13Gerald R .  Cysewski and Charles R .  Wilke, "Process De­
sign and Economic Studies of Alternative Methods for the Pro­
duction of E thanol , "  Biotechnolo and Bioen ineerin , Vo l .  20 
(Somers e t ,  N .  J .  : Joun Wiley and Sons , Inc . , , p .  144 1 .  
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TABLE 20 
-
DOE's ECONOMICS OF ETHANOL . P RODUCTION--1978 COST BASIS 
Plant Capital($M-1) Canponents of Selling Price 
($/gallon) . Status Prod. 
of Tech- Description Feedstock - Price Rate b Fixed nologyb . . M-G/yr. 
Q:mner- (c) mi.lo - $2. 20/bu 50 
cial 
Coomer-
cial (c) wheat - $3.15/bu 50 
Develop- sweet-(c) sorghum $14. 42/ton 50 ing com -2. 30/bu. 
Coomer- com & $2.JO/bu-
cial (c) stover fuel $25/ton 50 
Develop- Purdue 
ing process 
Develop- Enzymatic 
ing hydrolysis 
Coomer- Cane 
cial milling 
Develop- Acid 
ing Hydrolysis 
O:::>mner- Concen-
cial tration 
Canner- base cn.�e cial 
com stover - $25/bu 25 
wheat &-$25/ton straw , 
sugar_ $65/ton cane 
25 
25 
acquatic$ I biomass 75.00 ton 25 
cheese $3 OO/t whey · on 
com $2.30/bu 
2. 8 . 
50 
aA.11 are batch fertJS1tation processes. 
·58.0 
' 
58.0 
91. 6  
57.0 
58. 8 
66.7 
58.4 
46.3 
10.2 
58.0 
� = working capital M-G = million gallons 
web 
5.5 
7.9 
6 . 4  
5.8 
3. 76 
5.03 
4 . 12 
4.28 
.41 
5.7 
Dir. By-Prod. 
Feed- Oper. Fixed Credit 
stock O:::>sts Costs 
.88 . 28 .11 .42 
1.26 .30 . 11 . .53 
1.00 .22 .18 .22 
.89 . 30 .11 . 38 
.51 . 80 . 31 .61 
1.12 � 76 .26 .36 
1.20 .34 .18 ---
1.12 . 50 .18 ---
.42 .89 .31 .83 
.89 .27 . 11 .39 
OCF = discounted cash flow 
Estimated Alcohol 
Selling Price, $/gal. 
lSiJX; Fb 20i..ocF 
1.02 1.13 
1.31 1.44 
1.40 1.59 
1.09 1.21 
1.32 1.63 
2.13 2.41 
2.07 2.30 
2.05 2.23 
1.25 1.63 
1.05 1 . 16 
�ergy conserving distillation design 
Source: U.S., Deptart:rrent of Energy, �e �J?Qrt of the Alcohol fuels Policy Review, Table Irr - 3, July, 1979, p .  74 
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Developing Techno logies for Ethanol Production 
Continuous Fermentat ion 
Production of e thanol using traditional methods involved 
batch fermentation; however , there have been developments in 
continuous fermentation . Continuous fermentation reduces 
energy requirements and increases overall efficiency s ince 
the fermentation occurs more rapidly. 
..... -. 
One problem with this 
process is the difficulty in maintaining " s terile" conditions . 14 
One process that uses continuous fermentation is the 
Vogelbusch method. I t  is estimated that one gallon of alco­
hol produced by this method costs $1 . 05 .  A Vogelbusch plant 
capable of producing twenty mill ion gallons of ethanol per 
. b - . . 1 15 year can e constructed in approximate y one year. 
Distil lation Alternatives 
There are several alternatives to using the distillation 
method of ·alcohol-water separation. These methods include 
liquid-liquid extraction , absorption agents , reverse osmosis 
and ultra-filtration, but the research is still on a laboratory 
, (not; commerc-ial) scale. According to a DOE report :· " The 
. 16 economics of these systems are uncertain . '" 
14u . s . , Department of Energy , The Report of the Alcohol 
Fuels Policy Review , p .  7 9 .  
15 U . S . , Congres s ,  Senate, Alcohol Fuels , p .  518 . 
16 U . S . , Departuent o f  Energy , The Report of the Alcohol 
Fuels Policy Review, p .  79 . 
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U . S .  Army - Natick Laboratories Cellulose Process 
Researchers of the U . S .  Army Laboratory at Natick, 
Mas sachusetts were the first to isolate the mutant of the fun-
gus Trichoderma viride. An enzyme of this fun�us is the one 
capabl e  of converting cellulose to gluco s e .  The glucose can 
then be converted to ethanol by fermentation. 1 7  In recent 
-4-r••:. 
years the researchers have developed a three-enzyme system. 
Although this sys tem gives reasonable glucose yields from pur­
ified cellulose such as pulp and paper mill wastes , it has 
not b een effective for forest and agricultural res idue s . 18 
In 1 9 7 6  it was reported that the fermentation co s t  repre­
sented two - thirds of the total cos t for producing sugars from 
waste cellulos e . 19 
Dr . Charles R. Wilke (Univers ity of California-- Berkeley) 
Wilke has inves�igated various ways to produce ethanol 
cheaply. One method invo lved the use of dilute acids to allow 
the enzyme @iscussed previous ly) better access to the cellulose. 
1 7cathy Kaufman , "Cellulose to Glucose : Food and Fuel 
From Trash , "  The Nation, July 2 0 ,  1974,  p .  50 . 
18u . s . , Department of Energy, The ·Report of the Alcohol 
Fuels Policy Review, p .  8 0 .  
19u . s .  Army , Natick Research and Development Command,  
Enzymatic Hydrolys is of Cellulosic Was te : The Status of the 
Process Technology and an Economic Assessment,  by John M .  
Nystrom, Robert K .  Andren, and Alfred L .  Allen , 1 9 7 6 ,  p .  2 6 .  
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. 20 The economics of this proce s s  are uncertain. Two other 
processes considered were cel l recycle and vacuum fermenta-
tion . According to a paper by Cysewski and Wilke , the net 
ethanol production cost of the two processes was estimated 
to . b e  82 . 3  and 80 . 6  cents per gallon for the cell recycle 
and vacuum processes , respectively. A yeast by-product cre­
dit of 13 . 3  cents was al lowed in the celt"recycle process 
while a yeast by-product credit of 6 . 2  cents was allowed in 
21 the vacuum process . 
Dr. George Tsao (Purdue) 
Dr. George Tsao , a professor o f  chemistry , food and 
agricultural engineering, has developed a method to economi­
cally convert cellulose to alcohol . The process depends on 
a solvent to break down the cellulose into fermentable sug­
ars . One ton of cellulose material would yield approximately 
, 
100 gallons of ethanol . 22 Tsao estimated the production cost 
t b b t t f t gallon . 23 o e a ou seven y- our cen s per 
20u .  S : ·, Department o f  Energy , The Report of the Alcohol 
Fuels Review, p .  8 0 .  
21Gerald R . Cysewski and Charles R. Wilke, "Process 
Design and Economic Studies of Alternative Fermentation 
Metho ds for the Production of Ethanol , "  Biotechnology and 
Bioengineering, Vol . XX (Somerset , N . J . : Johri Wiley and 
Sons , 1978) , p .  1443 . 
22Gay L .  White ,  "Alcohol from Crop Wastes and Grain , "  
Purdue Agricultural Report ,  Vol .  7 (no. 1) , p .  1 2 .  
23 U . S . , Congre ss , Senate ,  Alcohol Fuels , p .  127 . 
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According to an evaluation by SRI International , the 
selling price of ethanol produced by Taso ' s  process would 
be '�l . 20 to $ 1 . 9 0  per gallon of ethanol on a regul�ted basis 
and $ 1 . 65 to $2 . 30 per gallon of ethanol on an unregulated 
basis . 1124 
Gulf Oil Chemicals Company (GOCHEM) 
The process developed by Gulf Oil is the most advanced 
from both the economic and the technical viewpoint . Gulf is 
operating a one-t9n per _ day demonstration plant . E thanol 
produced us ing the Gulf process would sell for $1 . 45 per gal­
lon ( 1983 dollars ) .  This provides for a return of fifteen 
percent after taxes . 2 5  
Backyard Tinkerers 
Lance Crombie 
As stated earlier , Lance Cromb ie is a Minnesota farmer 
with a Ph . D in wicrobiology who is also a "moonshiner . "  Cror:i-
' - f -26 b.ie s rirst solar still was con iscated by Treasury agents .  
24 U . S . , Department of Energy , The Report of the Alcohol 
Fuel s  Policy Review, p .  8 1 .  
25u . s . , Congres s ,  Rous� ,  Committee on Science and Tech­
nology , Testimony of Dr. George F .  Huff, Vice Pres ident of 
Biochemical Technology, Gulf S cience and Technology Company, 
Before the Committee on Science and Techology , House of Rep­
resentative s ,  9 6 th Congres s ,  1st session , 1 9 7 9 .  
26see Appendix c for the information concerning the 
Bureau of Alcoho l ,  Tobacco and Firearms regulations . 
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After obtaining an "experimental" permit , Crombie built a 
second s till (actually two solar stills hooked up in series) . 
The feedstock was corn grown on the family farm. The price 
per gallon of the 140- , 160- , and 180-proof batches of alco­
hol was estimated to be fifty cents after a $2 . 00 credit for 
distiller ' s  dried grains and solubles (DDGS) was taken . The 
....... 27  DDGS was sold to neighbors for animal feed . 
The price of the stills was quite mode s t .  Crombie ' s  
first still cost about $18 . 00 .  His second still cost approx­
imately twice that amount ,  and it was capable of producing 
eight to ten gallons of 140-proof to 180-proof ethanol per 
day. Plans have been made for a 10 , 000 to 2 0 , 000 gallon per 
year still that will cost approximately $ 1 , 500.  According to 
Crombi e ,  if it were built from "scratch" the price would be 
about $ 5 , 00o . 28 
Alhe·rt Turner- -Southwestern Alabama Farmer ' s  Cooperative 
Albert Turner is  the manager of the Southwestern Ala­
bama Farmer ' s  Cooperative (SWAFCA) . In a community· effor t ,  
the members of the cooperative built a s till with a batch 
capacity of 1000 gallons of mash and a yield of ninety gallons 
2711The Plowboy Interview : Lance Crombie , "  Mother Earth 
News , January/ February,  1979 , pp . 18-22 . 
28Ibid . , pp . 18- 22 .  
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of alcohol. Waste wood is used as fuel for the s till and 
corn as the feedstock. · It costs approximately $235 (exclud­
ing labor) to produce the ninety gallons of ethanol but $108 
is recovered by selling the sour mash as feed . Although 
labor was not included in the cos t ,  according to Turner , one 
ld h . . . d 29 person cou run t e operatJ.on once it was organize . 
Turner e'stimated that they could sell th;· ethanol for s ixty 
cents per gallon at a reasonable "profit . 1130 
SWAFCA received an $86 , 000 grant from the Office of 
Minority Business Enterprise to assist in starting the pro­
j e c t .  One of the largest " expenditures" was $ 1 5 , 000 for the 
bond required by the Treasury d epartment . 31  
The Zeithamers 
Alan, Diane and their son, Archie , Zeithamer , have the 
only fully-certified �arm based distillery in the United States . 
In a typical week, the s till will produce 800 gallons of 160-
proof alcohol . The cos t  per gallon (excluding labor) is esti­
mated to be fifty cents . 32  
The cest of designing and building the conversion plant 
was $10, 000 (excluding labor) . One of the more expensive 
29 U . S . , Congress , Senate ,  Alcohol Fuels ,  pp . 170-171 
3olbid . , p .  172 . 
31Linda Ammons and Knolly Mos e s ,  "Corn Fed Auto s , "  
Black Enterpris e ,  November , 1978,  p .  22 . 
32David O .  Born and Dick Brown, "Will Farmer ' s  Produce 
Their Own Fuel?" Farm Journal ,  June/July,  1979 , p .  1 2 .  
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items was the ten-inch by eight-foot distillation column . 
The price of a commercially made column would have been 
$80, 000 , however ,  Alan Zeithamer built one for $ 700 . 33 The 
Bureau of Alcoho l ,  Tobacco , and Firearms required a bond of 
twenty-one dollars per gallon of capacity. 34 
The Price of "Gasohol" 
Since gasohol is a blend of gasoline and alcohol , its 
price may be calculated if the other two prices are known . 
In 197 8 ,  the U . S . D . A .  estimated the pump price of "Gasohol" 
to be $ . 678 compared to $ . 620 for gasoline. 35 See Table 2 1 .  
According to Dr . Scheller, when one gallon of ethanol is added 
to nine gallons of gasoline, the blend has a volume of 10 . 023  
gallons , i . e . , the blend expands slightly. Scheller gives 
credit to "Gasohol" for this expansion. He also gives credit 
for the oct�e -boosting ability of alcohol when blended with 
· gasoline . Information concerning gasoline value versus oc­
tane number indicates that one octane number is worth about 
. 45 cents per gallon of fuel.  Finally , "Gasohol" received 
. . 
credit from Scheller because tes ts revealed five percent less 
f 1 . h l '  36  ue consumption t an gaso ine. 
34rbid. , p .  3 .  
35 U . S . , Congress , Senate , Alcohol Fuels ,  1978 . 
36rbid . , p .  549 . 
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TABLE 21 
USDA CALCULATION OF THE PRICE OF GASOHOL (1978) 
Item Gasoline Gasohol a 
Gasoline � .  38 . 380 (April , 1979) . 342 
Ethanol @ . 96 . 096 
Product Price . 380 . 438 
Transportation . 030 . 030 
Station mark-up . 090 . 090 
S tate Taxb . 080 . 080 
Federal tax . 040 . 040 
Pump p . c rice . 620 _ 678  
a"Gasohol" product price is calculated as  follows : 
. 90 x . 38 � . 10 x . 96 = . 438 
bThirty-five states have a s tate tax of  8¢ or higher . 
cThe pump price of "Gasohol" should actually be compared 
to premium gasoline price since alcohol raises the octane 
number o f  the g�soline . 
Source : U . S . , Congress , Senat e ,  Alcohol Fuels , p .  64 , 
197 8 .  
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The equations for calculating the credits (per gallon) 
are as follows ; 
(1) Expansion credit = ( . 9Pg + . lPA) 
(2)  Octane number credit = 
( 3) Fuel consumption credit = 
5 
105 
. 0023 x 1 . 0023 
where p = g Price o f  gasoline (wholesale) 
p = A Price of alcohol 
N = g Octane nw.nber o f  gasoline 
N .:: A Octane number of alcohol 
p = Price of "Gasoho l .  I I  G 
Thes� equations are bas.ed on the assumptions and values o f  the 
previous paragraph . Shcller ' s  information is for "Gasohol , "  
although s imilar equations could be developed for gasohol in 
general .  
The equation for the price per gallo:p. of "Gasohol" can 
be derived by using the factors considered in Table 21 and 
the credits �escribed by Scheller ; 
where T = Transportation cos t  
M = Station mark-up 
S = State tax 
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F = Fecieral tax 
CE = Expansion credit 
c.N = Octane number credit 
CF 
= Fuel consumption credit 
When the right hand s ide o f  equations (1) , (2�  and (3)  o f  the 
'°"''. 
previous page are subs tituted for the values of CE ' CN and 
CF , respectively, the fol lowing equation is obtained. 
- 105 ( 1 1 (5) PG � 1 10 . 9 ( . 1 . 0023 ) Pg + . l  <t.0023) PA 
+ T + M + S + F + . 00045Ng - . 00045NA} 
(6) PG = . 857Pg + . 095PA + . 95 5 ( T  + M + S + F) 
+ . 00043 (Ng - NA) 
rly making further assumptions , the price o f  "Gasohol" 
, 
may be written as a function of the price of gasoline and alco-
h.:>l :  
--N A = 134 and NG 
= 92 
Explanation : Scheller used the value o f  134 for ethanol .  
(Other sources report higher values . )  The octane number of 
unleaded regular gasoline is approximately 92 . (These values 
are contro llable and are cons idered fixed. ) 
--S = . 085 and F = . 04 
Explanation : More than thirty- five states have gasoline 
sales tax of 8 . 0  cents (per gallon) or more . The federal tax 
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is 4 . 0  cents . DOE in its Monthly Energy Review has used 
12 . 5  cents (per gallon) for the average total tax. (These 
values are changed only by legislation and are considered 
fixed . )  
T = . 045 
Explanation : In Table 21 , the USDA used 3 cent s ;  how­
ever , actual value has increased because of in
.
flat ion and 
other factors . (T varies with changes in the price of gaso­
line to some extent but is considered fixed in this assumption . )  
- - M =  . 10 
Explanation : In Table 21 the USDA assumed the mark-up 
was 9 . 0  cents . The FebruarY, 1979  value for the mark-up is 9 . 6  
according to the Monthly Energy Review. (M is considered 
fixed since its value is set by DOE although the enforcement 
of the DOE regulations is questionable . ) 3 7  
( 7 )  PG = . 857Pg + . 095PA + . 955 ( . 045 + . 100 + . 085 + . 04) 
+ . 00043 (92 - 134) 
(8)  PG + . 857Pg + . 095PA + . 240 
Table 22 shows the price of "Gasohol for various values of gas­
oline and alcohol . These are shown graphically in Figure 3 .  
. .
. 
In April , 1979 , the wholesale price of gasoline was 48 . 7  
cents (Table 11) and the price of ethanol was approximately 
$ 1 . 40 (Table 17) . According to the equation , "Gasohol" · should 
sell for 80 . 1  cents . The price of unleaded regular at "full 
serve" pumps was 81 . 7  cents (Table 13) . See Figure 3 for the 
graphical representation of this fac t .  
37writer ' s  opinion, based on numerous reports o f  viola­
tions in magazines .  
p� 
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TABLE 22 
VALUES FOR ·T.tlE PRICE OF "GASOHOL" 
(in aollars/gallon) 
i . 00 l . �5 1 . 50 1 . 70 2 . 00 
. 592 . 616  . 640 . 659 . 687 
' 
�- -
. 678 . 702 . 725 . 744 . 7 73 
. 764 . 78o . bll . b30 . 868 
. b49 . 873 . 889 . 91 6  . 955  
. 935 . 959 . 9o2 1 . 001 1 . 043 
-
1 . 02 1  1 . 044 1 . 069 1 . 087 1 . 130 
1 . 106 1 . 129 1 . 149 1 . 169 1 . 218 
Equation : 
P = . 857P G g + : 095PA
. + . 240 
Where : PG = Price of "Gasohol" 
Pg = Wholesale price of gasoline 
PA = Price of alcohol 
2 . 25 I 
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FIGURE 3 
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The price of regular unleaded gasoline at "full serve" 
pumps was 92 . 0  cents (Table 13) in June , 1 9 7 9 .  The price 
of ethanol was approximately $ 1 .  70 per gallon . For "Gaso-
hol" to be competitive under these circums tances ,  the whole-
sale price of gasoline would have to be less than or equal 
to 59 . 2  cents . 
If . the credit for improved gasoline· mileage is not per­
mitted, the equation for the price of "Gasohol" becomes : 
or 
(lO) PG = . 898Pg + . 0998PA + . 251 
See Table 23 for the price of "Gasohol" for various values of 
gasoline and alcohol . When the April , 1979 , values of P and g 
PA are used in equation (9) , the price of "Gasohol" is 82 . b  
ti 
cents .  Recall that the price of unleaded regular at "full 
serve" pUm.ps was 81 . 7  cents . 
PG for constant values of PA. )  
(Figure 4 is a graph of P versus g 
When .the credit for expans ion and the credit for increase 
in the octane rating are ignor�d, the equation becomes : 
(11)  PG = . 9Pg + . lPA + T + M + S + F 
or 
( 12 )  PG = . 9Pg + . lPA + . 251 
The price of "Gasohol" for the April , 1 9 7 9 ,  data is 82 . 9  cents . 
This is 1 . 2  cents higher than the unleaded regular price of lpril .  
p 
� ·-
. 30 
. 40 
. 50 
. 60 
. 70 
. 80 
. 90 
-
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TABLE 23 
VALUES FOR THE PRICE OF "GASOHOL" 
- -NO FUEL CONSlJlvIPTION CREDIT 
( in dollars/ gallon) 
1 . 00 1 .  2 5  I 1 .  50 1 . 70 
. 620 . 645 . 670 . 6%> · 
. 710 . 735 . 760 . -:780 
. 800 . 825 . 850 . 870 
. 890 . 914 . 939 . 959  
. 97 9  1 . 004 1 . 029 1 . 049 
" 
1 . 069  1 .  094 1 . 119 1 . 139 
. 1 . 160 1 . 184 1 . 209 1 . 229 
Equation : 
2 . 00 
' . 720 
. 810 
. 900 
. 989 
1 . 079 
1 . 169 
1 . 259 
PG � . 8979Pg + . 0998PA + . 251 
Where : 
PG = Price of "Gasohol" 
P = Wholesale price of gasoline g 
PA = Price of alcohol 
2 . 25 
. 745 
. 835 
. 925 
1 . 014 
1 . 104 
1 . 194 
' 
1 . 284 
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FIGURE 4 
PRICE OF "GASOHOL" FOR VARIOUS PRICES 
OF GASOLINE AND ALCOHOL 
- -NO FUEL CONSUMPTION CREDIT 
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In the preceeding paragraphs several assumptions were 
made that may not be true over a long time period .  For ex­
ample , the mark-up value assumed may change as the price of 
gasoline rises . The cos t  of transportation , also , would be 
expected to change . Since any changes of this ·nature would 
probably apply to unleaded regular gasoline, the changes were 
ignore d . · 
The federal goven1ment and several states have enacted 
legislation that removes all (or at least a portion) of the 
gasoline tax from "Gasohol . "  A oeasure ·backed by Senator 
Percy exempts alcohol fuels from the four cent per gallon fed-
eral gasoline tax provided the fuels are not made from coal , 
gas or oil . 38 The 1�ebraska tax reduction for "Gasohol" is 
three cents per gallon . 39 "Gasohol" in Kansas will have a 
five cent exemption from the motor fuels tax until July , 1980 . 
For eacn year after July,  1980 , the exemption will be reduced 
one cent until 1984 when the exemption expires . 40 A Colorado 
bill provides a five cent per gallon exemption for "Gasohol on 
the first twenty million gallons sold. Arkansas has repealed 
motor fuel t�xes on "Gasoho l .  ,Al 
38N .  K.  Eskridge , "Congress High
.
on Alcohol as Fuel , "  
Bio Science , July, 1978 , p .. 469 . 
39u . s . , Congress , Senate, Alcohol Fuels , p .  549 . 
40 11Update U . S . A . , "  Gasohol U. S . A . , June 1 ,  197 9 ,  p .  22 . 
41 Ibid. , p .  2 1 .  
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The Crossover Point 
The crossover point is the point at which the price of 
fuel alcohol is equal to the price of gasoline. In order to 
find the coordinates ( the year and pri�e) of this point , it  
is  essential to determine the way in which gasoline prices 
have changed in the past and will change in the future . To 
determine the gasoline . prices for futureh years , the cost of 
refining (R) , transportation (T) and dealer mark-up (M) will 
be projected. Next a proj ection will be made for crude oil 
prices (C) . The projected price of gasoline ( Gp) will be de­
termined by the equation : 
(13) Gp = Cp + RP + Tp + Mp 
A graphical representation of the relationship of crude oil 
and gasoline prices is shown in Figure 5 .  
Table 24 shows the differences between the wholesale 
price of regular gasoline and the composite crude oil price 
as well as the differences in price between retail and whole-
sale regular gasoline (both with and without s tate and federal 
taxes) .  The difference in price of wholesale gasoline and 
. .  
Composite crude oil is assumed. to be equal to the refining 
' 
cos t· (R) while the difference in price of retail gasoline 
. . 
(excluding tax) and wnolesale gasoline is assumed to be equal 
to the cos t  of transportation and dealer mark-up (TM) . The 
"least squares" method was used to determin.e the equation of 
the l ine of best fit for each column of figures in Table 24. 
90 
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FIGURE 5 
GRAPB.ICAL PRE�ENTATION OF GASOLINE 
�D CRUDE OIL PRICE 
1973 .1974• 1975 
R = Refining costs 
M = Mark-up cost 
1976 
Tit-'ili 
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TABL:t: 24 
DIFFERENCES .IN GASOLINE Al.�D GIL PRICES 
(cents per gallon) 
· Wholesale Gasoline Retail (Reg) Gasoline Retail (Reg) 
-Composite Crude -Wholesale -Wholesale (Reg) 
(Table 11) (Table 11  and 12'} (Excluding tax) 
1976 
Jan. 7 . 8  24. 3 11 . 8  
Feb . 7 . 7  24 . 3  11 . 8  
Mar . 7 . 5  24 . 2  11 . 7  
Apr. 7 . 5  23 . 8  11 . 3  
May 8 . 9  23 . 1  1 0 . 6 
June· 10 . l  2 3 . 0  10 . 5  
July 10 . 3  23 . 2  10 . 7  
Aug . 10 . 8  23 . 6  1 1 . 1 
Sep t .  10 . l  23 . 7  11 . 2  
Oct . 9 . 7  23 . 8  1 1 . 3  
Nov. 9 . 3  23 . 9  11 . 4  
Dec .  8 . 9  24 . 1  11 . 6  
AVERAGE 9 . 1  23 . 7  11 . 2  
1977 
Jan .  8 . 1  24 . 1  11 . 6  
Feb . 8 . 5  24 . 1  11 . 6  
Mar .  . 9 .  0 24 . 0  11 . 5  
Apr. 10 . 1  ·24 . 1  11 . 6  
May . 10 . 4  24 . 2  1 1 . 7 
June 1 0 . 8 24 . 3 11 . 8  
July 10 . 8  24 . 3  11 . 8  
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TABLE 24 (Continued) 
Wholesale Gasoline Retail (Reg) Gasoline Retail (Reg) 
- Composite Crude - Wholesale -Wholesale (Reg) 
(Table 11) (Table 11 and 12) (Excluding tax) 
1977 (cont) 
Aug . 10 . 2  24 . 6  1 2 . 1  
Sep t .  9 . 8  24 .  9 12 . 4  
Oct .  9 . 4  24.  9 12 . 4  
Nov. 9 . 2  24 . 9  12 . 4  
Dec . 9 . 0  2 5 . 1  12 . 6  
AVERAGE 9 . 6  24 . 5  12 . 0  
1978 
Jan . 8 . 9  23 . 9  1 1 . 4  
Feb . 8 . 5  24 . 1  1 1 . 6  
Mar . 8 . 5  24. 1 11 . 6  
Apr . 9 . ·1  2 3 . 8  11 . 3  
MaY: 9 . 6  23 . 5  11 . 0  
June 10 . 2  23 . 5  11 . 0  
July 11 . 2  23 . 5  11 . 0  
Aug . 12 . l  23 . 6  11 . 1  
Sep t .  12 . 5  2 3 . 4  1 0 . 9  
Oct .  12 . 4  23 . 5  11 . 0  
Nov. 12 . 8  24 . 5  12 . 0  
Dec . 12 . 9  23 . 8  11 . 3  
AVERAGE 10 . 7  2 3 . 5 11 . 0  
1979 
Jan. 11 . 7  2 4 . 3 11 . 8  
Feb . 11 . 8  25 . 1  12 . 6  
May 13 . 0  2 6 . 5  14 . 0  
Apr . 27 . 4  14 . 9  
AVERAGE 12 . 2  25 . 8  13 . 3  
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Tables 25 and 26 give the "least squares" analys is for 
column 1 (refining costs) and column 3 ( transportation and 
mark-up costs) , respectively. Column 2 and column 3 differ 
in only one respect : Column 2 includes the motor fuels tax 
of 12 . 5  cents ; colunm 3 does not .  The equation for RP and 
(Tp + Mp) as functions of time are as follows : 
(14) Rp = . 83t 54. 58 
( 1 5) Tp + Mp = (TM) = . 398t - 19 . 29 
Since crude imported oil prices are controlled by a car­
tel , it is impossible to accurately predict future prices ; 
however a rough estimate can be obtained by use of "least 
squares" analysis . 42 (See Table 27 . )  The equation for Cp as 
a function of time is : 
(16) C = l . 88t - 131 . 04 ( imported) p 
for cp -in dollars per barrel or 
(17)  cp = 4 . 48t - 312 ( imported) 
for cp in cents per gallon 
Since decontrol of oil will allow domestic oil_ prices to rise 
. .  
to the level of the world market ,  no distinction will be made 
between domestic and imported crude oil . 
42Figure 5 shows the "stairstep" way in which crude oil 
prices have risen. 
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TABLE 25 
LEAST SQUARES ANALYSIS FOR THE "REFINING" COSTS 
Refining Costs (R) Year (t) R·  t t2 R2 
8 . 25 7 6 . 5  631 5852 68 . 06 
9 . 85 7 7 . 0  758 5929 97 . 02 
9 . 48 .77 . 5 735 ... . 6006 89 . 87 
9 . 73 78 . 0  759 6084 94 . 67 
9 . 13 78 . 5  7 1 7  6 1 62 83 . 36 
1 2 . 32 79 . 0  973 6241 151 . 78 
1 2 . 16  7 9 . 25 .9 64 . 6281 147 . 86 
70 . 92 545 . 75 5 , 537 42 , 555 732 . 62 
- �  545 . 75 7 7 . 96 t = = 7 = n 
R = � R  = 70 92 = 1 0 . 13 n 7 
ti 
b f.R ·  t 
- ZR· E 5537 7 (10 . 13) (77 . 96) . 830 = = = 
t. t
2 ,... 7 (7 7 . 96)
2 
- 7 ( t ) L. 42 , 555 -
a = �  - bt = 10 . 13 - ( . 830) ( 7 7 . 96) = -54. 58 
_ ,  
R = ' . 83t - - 54 . 58 
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TABLE 2 6  
· LEAST SQUARES ANALYSIS FOR THE TRANSPORTATION 
AND MARK-UP COSTS 
Transportation & 
Mark-up Cost 
(TM) a Year b (TM) · t  
11 . 3  7 6 . 5  864 
11 . 2  77  862 
11 . 6  77 . 5  899  
12 . 3  78  959 
11 . 3  78 . 5  887 
11 . 2  7 9  885 
13 . 3  7 9 . 33 1055 
--
82 . 3  545 . 75 6411 
, 
t = z t = 545 . 75 = 77 . 96 n 7 
(TM) =. z�TM) = 8�·. 2 = 1 1 .  74 
�2 
5852 
5929 
6006 
6084 
6162 
6241 
6281 
42 , 555  
(TM) 2 
127 . 69 
125 . 44 
134 . 56 
151 . 29 
127 . 69 
125 . 44 
1 7 6 . 89 
969 . 00 
b = · � (TM) · t 7 (TM) · t  = 
t t2 7 (t)
2 
6411 - 7 (11 . 74) (77 . 96) = . 398 
42 , 555 - 7 ( 7 7 . 96)
2 
a =  (TM) - bt = . 11 . 74 - ( . 398) (77 . 96) = - 19 . 29 
(T�) = . 398t - 19 . 29 
-102-
TABLE 2 7  
LEAST SQUARES. ANALYSIS FOR THE PRICE OF 
IMPORTED CRUDE OIL 
Crude Oil Price (C) 
( $ /bbl . )  
Year (t) C · t  t2 
3 . 01 ·73 .  0 220 5329 
5 . 11 7 3 . 8  3 7 7  5446 
9 . 59 74 . 0  710 5476 
12 . 7 7 7 5 . 0 958 5625 
1 3 . 2 7  7 6 . 0  1009 5776 
14 . 1 1 7 7 . 0  1086 5929 
14 . 52 7 8 . 0  1132 6084 
1 5 . 50 7 9 . 0  1224 5241 
21 . 00 7.9 . . 5 .1670 6320 
-
lOd . 88 685 . 3  8 , 386 52 , 22 6  
t = � = 685 . 3  n 9 = 7 6 . 14 
. .  
c � c  108 . 88 = = 9 n = 1 2 . 1 0 
c2 
9 . 06 
2 6 . 11 
91 . 97 
163 . 07 
1 7 6 . 09 
199 . 09 
210 . 83 
240 . 25 
441 . 00 
1 , 13 5 . 84 
� C ·  t - 9 C ·  E b = ---- --
t t:2 - 9 ( t) 2 = 
8386 - 9 • ( 1 2 . 10) ( 7 6 . 14) 
= . 2 1 . 88 5 2 , 226 - 9 (7 6 . 14) 
a =  C - bt = 12 . 10 - (1 . 88) ( 7 6 . 14) = - 1 3 1 . 04 
c = l . 88t - 1 3 1 . 04 
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The price of gasoline can be determined by use of 
equations (13) , (14) , (15)  and (17) : 
_ (18) Gp = (4 . 48t - 312) + ( . 83t  - 54 . 58) 
+ ( . 398t - 1 9 . 29) 
( 19) Gp = 5 . 708t - 385 . 87 
Table 28 gives the values of G for a ten-year period p ·. . 
beginning in 1981 . It also includes values for 1990 8.nd 2000 . 
Although it  is doubtful that this projection accu�ately pre­
dicts the future cost of gasoline ; the prices predicted by it 
may be considered the. least values to be expected . 
A less sophisticated method of proj ecting future gaso­
line prices is one in which the present price of gasoline is 
increased by a fixed percent over the previous year ' s  price . 
It was stated earlier that the rate of inflation had reached 
fourteen percent . There is  no evidence that this rate will de-
, 
crease in the near future . Table 2 9  gives projections for gas-
oline prices us ing an inflation rate of ten percent and fif­
teen percent . 
Year 
1981 
1 982 
1983 
1984 
1985 
. 1986 
1987 
1988 
1989 
1990 
1995 
2000 
Equation : 
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TABLE 28 
LEAST SQUARES · PROJECTION FOR 
REGULAR GASOLINE PRICES 
(Cents per 
Gp 
76 . 5  
82 . 2  
87 . 9  
93 . 6  
99 . 3  
105 . 0  
110 . 7  
116 . 4  
122 . 1  
127 . 9  
1 56 . 4  
184 . 9  
. . . . . .  
G = 5 708t -p . 
Gallon) 
385 . 87 
�ax = · 12 . 5  cents . 
bThe price of regular gasoline for June, 
cent s .  
Gp + Tax 
a 
89 . 0b 
94 . 7  
100 . 4  
106 . 1  
111 . 8  
117 . 5  
123 . 2  
128 . 9  
134 . 6  
!.40 . 4  
1 68 . 9  
1 97 . 4  
1978 , was 87 . 8  
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TABLE 29 
" INFLATION METHOD" PROJECTIONS FOR 
REGULAR GASOLINE PRICES 
(Cents per Gallon) 
Year Inflation Rate Inflation Rate 
10% 15% 
1979 (base year) 7 5 . 3  7 5 . 3  
1980 8 2 . 8  8 5 . 8  
1981 91 . 1  97 . 9  
1982 100 . 2  111 . 6  
1983 110 . 2  127 . 2  
1984 121 . 3  144 . 5  
1985 133 . 4  165 . 2  
1986 146 . 7  188 . 3  
1987 1 61 . 4  214 . 8  
1988 177 . 6  244 . 9  
1989 195 . 3  2 7 9 . 2  
. � 1990 - 214 . 8  318 . 2  
2000 5'5 7 .  2 1179 . 6  
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Alcohol fuel prices vary widely . Figure 6 gives a 
price comparison of alcohol fuels based on price per mil­
lion Btu' s .  The values of Figure 6 were transformed from 
cost per million Btu ' s  to cost per gallon by use of the con­
version factors in Table 2 . 43 In Figure 6 the crossover 
points are starred . Alcohol fuels prepared b� "backyard 
tinkerers" are economically competitive at the present time . 
Methanol is also competitive according to the fi�re . Eth­
anol made from grain may be competitive any time from 1981 
to 1989 . 
43Table 2 contains values for the number of Btu ' s  per 
gallon of ethanol , methanol and gasoline . 
-
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FIGURE 6 
DOE FORECAST : ALCOHOL AND GASOLINE FtJELS 
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FIGURE 7 
GRAPH OF THE CROSSOVER POINTSa 
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IV . CONCLUSION 
The handling and performance characteristics of alco­
hol fueis pose no major barrier to their use.  "Gasohol" can 
be used in motor vehicles with no adjustments or with only 
minor adjustments required . Ethanol is ·the alcohol with the 
"best" handling characteristics since it is not as hazardous 
to the health of the user and is les s corros ive than metha-
nol .  Numerous private citizens have used ethanol and metha-
nol in their cars without experiencing the problems dis­
cussed by "experts . "  It also should be noted that these 
fuels have been used in engines not specifically designed 
for their characteristics . 
In general ,  alcohol fuels have lower total emissions 
than gasoline. , The Ievels of carbon monoxide and hydrocar-
· �ons produced in the combustion of alcohol fuels are signifi­
cantly lower than the levels produced in the combustion of 
gasoline. Certain emissions , e . g . ,  aldehydes ,  increased. 
Again ; it  should be recalled that the alcohol fuels were tes­
ted in engines not designed specifically for them. 
The cost of modifying a motor vehicle so that it can 
use alcohol fuels efficiently is not excessive . Engineers 
have estimated the cost to be between $145 and $455 depending 
on whether alcohol gasoline blends or neat alcohol is used. 
Persons _ who have actually modified their own cars to use 
-109-
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alcohol fuels report modification costs of sixty dollars 
(or less) . 
"Gasohol" is being distributed now using the gasoline 
distribution system while neat (or diluted) alcohol fuels 
have been used primarily by persons with their· own "experi­
mental" stills . There is no reason that alcohol fuels can­
not be distributed using the gasoline di�tribution system. 
Some modifications may be required to ke_ep out excessive 
amounts of water , but water is a less critical problem with 
neat (and diluted) alcohol than with the alcohol gasoline 
blends . The distribution costs of methanol may be higher 
than for ethanol since methanol has some less desirable hand­
ling properties . 
A major point raised by detractors of the use of alco­
hol fuels is that there are not sufficient amounts of material 
to make alcohol in gr'eat enough quantities to replace gaso­
line . These persons look to the traditional material for mak­
ing ethanol ,  e . g . , corn , or other grains , and state that the 
co'untry would "starve" if ethanol r.eplaced even ten percent 
' of the gasofine now used . These opponents to the use of alco­
hol fuels overlook the availability of tremendous amounts of 
waste material that can be used as feedstock , They also ig­
nore the new process now being developed that can produce 
ethanol from any cellulose material . 
The United States has an abundant supply of cellulose 
material . Coal and natural gas which can be used to produce 
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methanol also are abundant . The United States has sufficient 
materials to make the alcohol fuels if its citizens are will-
ing to do s o .  
The cos t o f  producing
.
alcohol depends on the feedstock 
used . In general ; production costs for methanol are lower 
. . 
. . . 
than those for ethanol ;  however , the impact of the· develop-
ing processes is not yet fully known . "Backyard t inkerers" 
have lower "production costs" p-er gallon than other producers 
of alcohol fuels . One reason for this may be that they do 
not "support" the large auxiliary staff that traditional pro­
ducers do . They also are interested principally in whether 
their system produces alcohol and not. in its ae.sthetic appear-
ance . 
One maj or point of contention - has been whether or not 
alcohol fuels have a favorable energy balance . If convention­
al facilities which produce beverage quality alcohol are con­
si�ered , _ it is q�ite poss ible that there i s  a negative energy 
balance .  The energy balance o f  such facilities should b e  of 
l_ittle interest , however , to a person considering fuel alco­
hol since numerous "shortcuts" can be taken if the alcohol 
. .  
to b e  produced does not have to be "fit for human consumption . "  
' 
Another point to be made is that i f  the alcohol is not to be 
blended wfth gasoline, it does not need ' to be anhydrous . 
Much of the energy expended in making alcohol is used in re­
movi�g the las t few drops of water. If anhydrous alcohol is 
not required , �he energy balance is favorable for alcohol pro­
duction . The exact number of Btu ' s  is not now known . 
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The price of "Gasohol" depends primarily on the prices 
of gasoline and ethanol .  Since ethanol has a much higher 
octane rating , it should be given credit for increas ing the 
overall octane rating of the gasoline-ethanol blend . When 
"Gasohol" was allowed credit for improved fuel economy (com­
pared to gasoline) , expansion o f  the blend, and improved oc­
tane rating, its estimated selling price' ·was 1 .  6 cents · lower 
than unleaded regular gasoline (using April , 1979 data) . 
When the credit was not permitted for improved fuel economy , _ 
its price was 1 . 2  cents higher than the April unleaded regu­
lar gasoline price. Unless there are factors unknown to the 
writer, it appears that "Gasohol" really does not need the 
federal government four cent per gallon tax break. I t  is a 
mystery to the writer that stations selling "Gasohol" have 
charged prices several cents higher than the premium unleaded 
price even after the federal four -cent per gallon tax "sub­
sidy . " 
Is the us e o f  alcohol fuels economically feasible? The 
answer is a qualified "yes . "  At the present time the price . 
of ethanol produced by persons with their own "experimental" 
stills is less than the price of gasoline , while methanol 
from coal and natural · gas has been competitive with gasoline 
for several years . According to Figure 7 ,  the price o f  etha­
nol made by commercial proces ses may be competitive with gaso­
line sometime between 1981 and 1989 . 
V .  RECOMMENDATIONS 
Of the alcohol fuels discussed ,  it is the writer ' s  
opinion that neat or dilate ethanol is  the bes.t long range 
choice , while ethanol-gasoline blends can be used as a fuel 
during the transition period . Although methanol is less 
expensive now, it has less desirable handling characteris-
tics . Methanol is  generally produced from non-renewable 
sources by sophisticated process while ethanol can be made 
from renewable materials by processes that the ordinary citi-
zen can use . 
If. alcohol fuels are to be used in the coming decade , 
there is need to begin the planning , des igning and construct­
ing of the facilities now. There has been much discussion 
in t:he literature · reviewed concerning the number of twenty-
five million to fifty million gallons per year alcohol pro­
duction plants that would be required . It  is the writer ' s  
opinion that the use of several thousand huge plants is not 
the direction to follow. Insi:.ead a large number of " small '  
plants is recommended. 
. 
The production facilities may vary in size.  Ones 
that can be on the farm or by private citizens might have a 
capacity of only a few hundred gallons per rear. Those that 
service cooperatives or small cities might have a capacity 
of several million gallons . Plants may be used in large 
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metropolitan areas where there are large amounts of munici-
pal solid waste feedstock. 
The benefits of this system are numerous . First ,  the 
plant may be located next to its feedstock, and hence the 
amount of energy used in the transportaiton of· raw materials 
and finished product will be minima l .  Second, the system 
will · be ·so decentralized that a small group cannot control 
i t .  Finally, it will allow the production facilities to be 
an integral part of the region in which it is located so 
that regional assets can be used to full advantage. 
Alternatives to fossil fuel should be considered for 
operating _any production facilitie s :  The "backyard tinkerer" 
has used the least expensive source of energy availabl e .  
For example , Crombie used solar energy while Albert Turner 
of the SWAFCA used waste woo d .  Similar alternative fuels 
should be considered for the large facilities also . 
Before this system can be used , laws concerning the 
production of ethanol will need to be changed. At present 
the number of rules and regulations involved in setting up 
' 
a still to produce ethanol fu�l is enormous . The regula-
tions have discouraged many people from making tneir own 
fue l .  
Much in the realm o f  theory has been done. I t  is now 
time for the construction of pilot plants and road testing 
of alcohol fuels in vehicles designed for their use . "A 
still in every backyard" may be the answer ! Why not ?  
APPENDICES 
APPENDIX A 
A Brief History of Alcohol 
Although no one knows when alcohol was discovered, there 
are many early references to its use as a beverage .  One of 
the earliest records , approximately 6000 rl . C . , refers to Meso­
potamian beer , made from malted grain . By 1100 B . C .  the art 
of distilling had been discovered by the Chinese . 1 When set­
tlers arrived in the New World, they brought their knowledge 
of distilling and brewing alcohol with them. One account by 
Thomas Dudley of the Bay Colony ( 1630) stated that the people 
would have to drink water until facilities could be set up 
for making wine and beer . In 1683 , William Penn built a 
brewery near his home in Philadelphia. 2 It  is interes ting to 
note that the first ipternal revenue statute of the United 
States was an excise tax on whiskey . It was passed by Con-
gress March 3 ,  1791 to help pay the war debts of the fledgling 
country . 3 
More recently alcohol has been used for fuel . In tne 
. . 
1630 ' s  methyl alcohol was used for lighting as a replacement 
1Jess Carr, The Second Oldest Profess ion (Englewood Cliffs , 
N .  J . : Prentice Hall, 1972) ,  pp . 1-3. 
2Esther Kellner , Moonshine (Indianapolis : The Bobbs­
Merrill Co . ,  1971) , pp . 7 - 9 . 
3Ibid . ,  p .  41 . 
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for whale and fish o i l ;  but by 1880 it was replaced by a 
cheaper fue l ,  kerosene .·4 One of the first engines to run 
alcohol was invented by Nickolaus Augus t  Otto in 1876 . 5 
on 
Twenty- three years later the first "Criterium , "  an exhibition 
and test of alcohol powered automobiles , was held in Paris .  
Only four vehicles entered, but the following year forty autos 
were exhibited. Under · the auspices of the French Minister of 
Agriculture the third exhibition was held in 1901 . 6 By 1907 
high compression alcohol engines were available in Europe , 
but there were none on the market in America . 7 
During the early years of the automobile, alcohol was 
considered the alternative when gasoline ran out or became too 
expensive . A 1912 article stated : "Of all the fuels in sight, 
alcohol is considered the most likely successor to gasoline . 118 
Some s aw alcohol as a means of easing the pressure on sugar 
ti 
farmers . Alcohol could be produced on the farm, used to culti-
vate the soil , and the surplus sent to market. 9 Prior to the 
411Methanol :  Solution for the Energy Cris is , " . Chemistry ,  
' 47 -(April ,  1974) , p .  24.  
5Exxxon? , "  Forbes , September 15 , 19l5 ,  p .  23 
6"Alcohol Automobiles at the Par-is Alcohol Exhibition , "  
Scientific American, December 2 8 ,  1901 , p .  428 . 
7John Preston , "Alcohol Engines to Replace Gasoline En­
gines , "  Scientific American , May 1 1 ,  1907 , p .  3 9 0 .  
811Substitutes for Gasoline , "  Literary Dige s t ,  Marcy 9 ,  
1912 , p .  492 . 
9c .  W .  Chester, "Alcohol a Substitute for Gasoline , "  
Outlook, January 3 1 ,  1914, p .  274.  
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outbreak of World War I,  alcohol and benzol were s l ightly lower 
in price than gasoline ·in Germany . As a result many German 
motorists used an alcohol-benzol mixture . 10 
After World War I ,  interest in fuel alcohol was again 
aroused.  An . article in the Literary Digest told of an enter­
prising motorist who used his roadster ' s  radiator as part of 
a stil l .  The muffler was removed and th·�· -hot gases were run 
through copper tubing to help heat the mash. According to the 
motorist the radiator acted as a "perfect condenser . 1 1 11  Dur­
ing the same period Cuban taxi cabs used the cheaper alcohol 
for their power. Cuban gasoline cost 50¢ per gallon while Cu-
12 ban alcohol was 35¢ per gallon. During the Depress ion , Iowa 
farmers burned alcohol in their Fords ; 13 but a law to require 
blending of engine fuel with ethanol from agricultural pro-
14 ducts barely missed passage by Congress . In 1932 the Iowa 
Agr�_cultu�al Experiment Station concluded that alcohol was not 
comp etitive with gasoline unless subsidized. 15 This did not 
lO"Mixed Fuels Better than Gasoline , "  Scientific American , 
· February 1 2 �· 1916 , p .  179 . 
1111He Runs His Car on Cornmeal and Raisins , "  Literary 
Diges t ,  May 2 7 ,  1922 , p .  44 . 
121 1Stibs titutes for Gasoline , "  Literary Digest ,  August 5 ,  
1922 , p .  2 7 .  
l3"Exxxon7 , "  Forbes ,  September 15 , 1 9 7 5 ,  p .  23 . 
1411Alcogas , "  Business Week, February 8 ,  1933 , p .  9 ,  cited 
by "Alky Fuel for Cars ?" Business Week, February 3 ,  1945 , p .  6 8 .  
15u . s . , Congres s ,  Senate , Committee on Appropriations , 
Alcohol Fuels Special Hearings , before the Committee on Appro­
priation , Senate , 95th Congre s s ,  2nd sess . ,  197 8 ,  p .  571 . 
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prevent the opening of a plant to make fuel alcohol for the 
purpose of blending with regular gasoline at Atchison , Kansas 
a few years later . 16 Five , ten and fifteen percent alcohol 
was mixed with ninety- five , ninety , and eighty-five percent 
gasoline to make Agrol 5 ,  Agrol 10 , and Agro l 15 , respectively.
1 7  
Two and one half years later , in 1938 , the Agrol plant went 
bankrupt . 18 During the same period of t�me , ··substitutes for 
gasoline were used in 18% of the European vehicles . The sub-
stitutes used included wood , coal , compressed gases and alco­
hol . 19 Prior to World War II the Brazilian government began 
to require the mixing of five percent alcohol with motor fue 1 . 20 
During World War II there were several s ignificant develop­
ment s . First ,  the Scholler process of making high grade etha­
nol from woodsugar was brought to the United States by a Ger­
man refugee . It was estimated that the new process yielded 
twi c e  as much alcohoi as the tradit ional American methods . 21 
Second, in 1945 a six -cylinder automobile engine was developed 
16will �.am W .  Buffum , "New Industry : Motor Feels from 
· Crops , "  Vital Speeches , Augus t  1 ,  19 3 7 ,  p .  637 . 
17 Ibid. ,, 639 . 
1811Agr.ol Aftermath , "  Bus ine s s  Week , December 6 ,  1941 , p .  3 2 .  
19G .  Egloff , "Ersatz Motor Fuels , "  Scientific American , 
July 7 ,  1939 , p .  5 .  
2011Brazi l ' s  Alcohol , "  Business Week , April 8 ,  1944 , p .  114.  
2 1"Ethyl from Wood , "  Business Week , December 4 ,  1943 , p .  6 3 .  
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by Vimalert Corporation . in cooperation with the Indiana Farm 
Bureau, the Foreign Economic Administration and Joseph E .  
Seagram and Sons . Third, during the same period, Seagram de-
22 . vised a mobile distillery, placed on railraod cars . The mo-
bile distillery was expected to be more economical than conven­
tional plants s ince it could be moved to the source of raw ma­
terials . 23 Finally,  during the war both ··France and Germany sup­
plemented their gasoline supply with ethyl alcohol . 24 
During the next twenty-eight years, only a few events of 
interest occurred . In 1947 , Seagram and Sons developed a 
new s till the s ize of a kitchen s tove that would produce five 
gallons of ethanol in �leven hour s .  Obstacles to the new in­
vention included costs and legalities . 25 Nine years later, 
in 1 9 5 6 ,  thirty-four senators attempted to get legislation 
passed to force the blending of alcohol with gasoline to 
26 help solve the grain surplus problem. Again in 1960 , alco-
hol was seen as an outlet for grain surpluses . This time 
. 221.'Alky Fuel for Car� ? "  Business Week, F�bruary 3 ,  1945 , pp . 69-70 . . 
2311Alcohol From Farms Made More Economical by Use of 
Mobile Units , "  Scientific American, August,  1945 , p .  98 . 
2411Methanol : Solution for the Energy Cris is , "  Chemistry, 
47 (Apri l ,  1974) , p .  2 4 .  
2511corn Turned into Fuel , "  Popular Science Monthly, Apr i l ,  
1947 , p .  150 . 
2611Will Autos Solve Grain Surplus ?" U . S .  News and World 
Report , May 2 5 ,  1956 , p .  48 . 
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Secretary of Agriculture Taft Benson wanted to release thirty 
million bushels of corn for experimental process ing into in­
dustrial alcohol . The move was res isted by the major oil com­
panies which had dominated the industrial alcohol market since 
World War I I .  Mos t  o f  the industrial alcohol was synthesized 
from petroleum. 27  
In the years since 1973 there have been numerous studies 
conducted and several s cientific breakthroughs m.ade . In 1974,  
a fungus which produces an enzyme capable of converting cellu­
lose to glucose was isolated at the U. S .  Army Laboratory in 
Natick , Mas sachusetts . 28 Alcohol is then obtained from glu­
cose by fermentation . Dr . Charles R .  Wilke , a chemical engi­
neer in California, invented a process using this enzyme which 
he claims will drastically cut the cost of ethanol as produced 
by traditional methods . 29 Purdue University professor George 
-
Tsao has also been working on a new method to economically 
and efficiently convert cellulose rich material to alcohol . 30 
Brazi l  is still intent on becoming an alcohol -powered nation. 
2 7  .. "Corn for Alcohol Brews a Squabble , "  Business Week, 
April 2 3 ,  1960 , p .  28 . 
28  . Cathy Kaufman , "Cellulose to Glucose :  Food and Fuel 
from· Trash , "  The Nation, July 20 , 1974 , p .  50 . 
29John H .  Douglas , "Distilling the News , "  Science News , 
March 23 , 1974 , p .  195 .  
30Gay L .  White , "Alcohol from Crop Wastes and Grain , "  
Pur·due Agricultural Reports , Vol . 7 ,  No . 1 (Fal l ,  1978) , p .  12 . 
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The goal set for 1981 is to have 16% of the Brazilian cars 
equipped to burn alcohol . 31  GM of Brazil which markets GM 
vehicles in Brazil is developing the necessary engine and 
fuel system modifications required for - alcohol-gasoline 
blends and for pure ethanol . 32 Volkswagon has already de­
veloped an automobile to run on alcohol . 33 Mobil Oil has 
discovered a catalyst which converts alcobol (either ethanol 
or methanol) to gasoline . Their research is centered on using 
alcohol made from coal . 34 There are numerous other events 
that could be included ;  however , many of the more recent events 
are discussed in the body of the paper . 
. 
31Fred J .  Cook, "Kicking the Petrol Habit , "  .The Nation, 
April 21 , 1979 , p .  435 .  
32Letter from Joseph B.  Bidwell , Executive Director of 
General Motors Research Laboratories,  July 6 ,  197 9 .  
33Gwenda Blair , "Moonshine Gasoline Pumps New Life Into 
America ' s  Sick Oil , "  Feature , May , 1979 ,  p .  6 3 .  
34v.  Elaine Smay , "New Process Makes Gasoline from Alcohol , "  
Popular Science , June , 197 8 ,  p .  90 . 
APPENDIX B 
Glos sary of Special Terms 
Additive-- something that is added to gasoline but is 
less than ten percent of the resulting blend.  
Agrilene--a  term proposed by Representative Andrew Ja­
cobs to be used instead of gasohol in order to give credit 
to American agriculture . 
Agrol--a brand name of blend .. of gasoline and ethanol 
sold during the late 1�30 ' s .  
Alcohol--a group of organic chemical compounds composed 
of carbon, hydrogen and oxygen . See eth�nol and methanol .  
Anhydrous Alcohol--alcohol which contains no water 
(sometimes referred to as "pure" alcohol) . 
Arconol--a brand name of· an additive (7%) used by At­
lantic Richfield for several years . 
nenzene- - a  distillate from coal tar . 
Benzol--a grade of crude benzene used by European mo­
torists prior to World War I I  in a blend with alcohol . 
British thermal unit (Btu) - - a  unit of measure for the 
the quantity of heat required to raise the temperature of 
water 1 F0 . One Btu is equal to 252 calories . 
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Caloric gain-- the ratio of harves ted food energy to 
cultural energy . 
Calorie--a unit of measure for the quantity of heat 
required to raise one gram of water from 14 . 5° C to 15 . 5° C .  
Roughly it is the quantity of heat to raise the temperature 
0 of one gram of water 1 C . 
Cellulose- - (C6H10o5) x , a s tarch-like carbohydrate found 
in the woody part of plants . It is the fundamental material 
of the plant . 
Crude oil--a mixture of hydrocarbons in liquid form. 
It is also referred to as unrefined petroleum. 
Cultural energy- - the energy expended to grow a crop . 
Distillation--the separation of more volatile parts of 
a subs tance from those les s volatile . 
Distiller ' s  dried grains --a mash by-product that can be 
sold as animal feed. See distillers dried grains and solu­
bles . 
Distillers dried grains and solubles (PDGS) :- - a  mash by­
product consisting of dried grains and solubles . It  can be 
sold as a high protein animal feed . 
Energy balance--a value that can be either positive , 
zero , or negative depending on whether more energy is obtained 
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than expended in obtaining a fuel . 
Enzyme--a complex organic substance having the power 
to accelerate certain chemical reactions , e . g . , fermentation. 
Ethanol (ethyl alcoho l ,  grain alcohol) --c2H50H, a color­
less liquid of pleasant odor that burns with blue flame to 
produce water and carbon dioxide . When vaporized it forms an 
explosive mixture with air. It  is easily produced by fermen­
tation of carbohydrates . 
Ethyl alcohol- -see ethanol. 
Feeds tock--the basic raw material used in alcohol pro­
duction, e . g . , agricultural crop s .  
Fermentable .sugar- -sugar from starch and cellulose that 
can be readiiy conver1:ed to alcohol . 
Fermentation- -the conversion of glucose into ethanol .  
More generally i t  is a chemical change caused by enzymes or 
other chemical _agents . . . .  
Fructose--a very sweet sugar . Sometimes it is called 
fruit sugar . · 
Fungi- - a  subdivision of flowering plants that includes 
molds � mildews , rusts and mushrooms . 
Fusel oil- -an oily liquid found in ethanol distillate 
in heavy concentrations that makes the ethanol unfit for 
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beverage purposes if not filtered out. 
Gasoal (gascoal , coaline, coalene) - -gasoline derived 
from coa l .  
Gasahol--a mixture of gasoline and alcoho l .  
Gasohol--a registered trademark o.f the University of 
Nebraska for a mixture 90% unleaded gasoline and 10% anhy­
drous ethanol . Sometimes the word gasohol is used instead 
of the word gasahol but meaning gasaho l .  
Gasoline--a complex mixture of relatively volatile 
hydrocarbons , with or without additives , blended to form a 
fuel suitable for use in internal combustion engines . 
Grain alcohol--see ethanol .  
-
Glucose--C6H12o6 , is  a member of the carbohydrate 
family which includes all sugars . I t  is readily transformed 
ipto alcohol by fermentation. 
Legal bootlegging- -an operation of separating ethanol 
from gasoline blends which may be technically lega l .  
Malt--grain that has been sprouted. It is mixed with 
other grains in which it acts to convert starch into sugar . 
Mash--a mixture of grain (or other feedstock) with 
water and yeasts or enzymes . It is fermented to produce an 
alcohol-water mixture which is then distilled. 
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Methanol - - (methylalcohol ,  wood alcohol) - - a  colorless 
liquid which burns with a blue flame . It  is  produced from 
wood .or municipal waste . 
Methyl alcoho l - - see methanol . 
Motor gasoline- -see gasoline . 
Neat- -undiluted. It is sometimes used as a synonym 
for "pure" or anhydrous . 
Octane number--a measure of the anti-knock properties 
of gasoline . 
Proof - -the measure of the concentration of alcohol in 
an alcohol-water mixture . It  is a number equal to twice the 
percentage of alcohol present (by volume) in the mixture . 
Renewable sources - - those sources which can be replen­
ished . 
Silviculture- - the cultivation of forest s .  This is a 
means .of  producing a larger harvest of trees than ·traditional 
techniques or nature produces . 
Solar s till--a s·till which uses solar energy instead 
of coal or some other traditional form of energy . 
Still--an apparatus in which the alcohol (from the mash) 
is vaporized by heat and then condensed and collected. 
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Stover- - the leaves and stocks of agricultural crops 
such as corn or sorghuni . 
Synthetic--an adjective used to indicate the alcohol 
is  made from sources which are not renewable . 
Terne plate--a steel plate with a coating of lead and 
tin . This word occurs · in the section on 1nodification of the 
automobile . 
Thermal efficiency- -a ratio of th� useful work per­
formed during a cycle to the heat absorbed. It is greater 
than the overall efficiency. 
Trichoderma viride--a common fungus which produces an 
enzyme that helps transform cellulose to glucose .  
White market--& market in which it is legal to sell 
the i terns· in ques ·tion . It was proposed that the gasoline 
rationing plan allow a white market .  
Wood alcohol- -see methanol .  
APPENDIX C 
DEPARTMENT OF THE TREASURY 
PERMIT ·REQUIREMENTS 
The following pages have been taken from official 
documents of the Bureau of Alcoho l ,  Tobacco and Firearms 
(Department of the Treasury) . The last page of Appendix 
C lists  the .Bureau ' s- r eg ional offices . 
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FORMS GENERALLY REQUIRED TO BE PREPARED 
For Qualification of a Distilled Spirits Plant 
ATF Form 3A Indemnity Bond 
ATF Form 1534 (5000.8) Power of Attorney 
A TF Form 1 602 
ATF Form 2601 (5110.56) 
ATF Form 2603 (51 10.25) 
ATF Form 2607 (5110.41) 
ATF Form 2625 (5000.9) 
ATF Form 4805 (1 740.2) 
A TF Form 4871 ( 1 7  40.1) 
ATF Form 5100.1 
Consent 
Distilled Spirits Bond 
Application for Operating 
Permit Under 26 U.S.C. 5 1 7 1 (b) 
Registration of Distilled 
Spirits Plant 
Personnel Questionnaire=­
Alcohol and Tobacco Products 
Supplemental I nformation on 
Water Qualtiy Considerations 
-Under 33 U.S.C. 1341 (a) 
Environmental I nformation 
Signing Authority for 
Corporate Officials 
FORMS GENERALLY REQUIRED TO BE PREPARED 
For Qualification of a Specially Denatured 
Alcohol User's Premises 
ATF Form 1479 (51 50.23) Application for Permit to Use 
Specially Denatured Alcohol 
ATF Form 1 479-A (5150.19) Formula for Article Made with 
, Specially Denatured Alcohol or Rum 
ATF For:m 1 480 (5150.20) Bond of User of Specially 
Denatured Alcohol or Rum 
ATF Form 1 485 (5150.12) Application and Withdrawal 
Permit of User to Procure 
Specially Denatured Alcohol 
ATF Form 1 534 (5000.8) Power of Attorney 
. ATF Form 2625 (5000.9) Personnel Questionnaire­
Alcoho1· and Tobacco Products 
ATF Form 4805 (1740.2) Supplemental Information on 
Water Quality Considerations 
-Under 33 U.S.C. 1341(a) 
ATF Form 4871 (1740.1) Environmental Information 
ATF Form 5100.1 Signing Authority for 
Corporate Officials 
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WHO CAN QUALifY ? 
Under Title 27, Code o f  Federal Regulations, Section 201 . 64 ,  
anyone may establish an experimental distilled spirits plant 
for experimentation i n ,  or development of - -
( a )  Sources o f  material from which spirits 
may be produced; 
(b) Processes by which spirits may be produced 
or· refined; or 
( c )  I ndustrial uses of spirits. 
Since "home production" o f  alcohol for us� �s an alternate 
fuel is a new concept , we can and will approve the estab­
l i shment of experimental plants by individuals who are 
seeking to prove the merit of this idea. There is no ATF 
application form to f i l l  out ; you simply submit a letter 
with certain pertinent information presented in your own 
words. The following information is required in this 
letter: 
NATURE AND PURPOSE 
Give a general statement describing what you intend 
to d o .  Example :  Applicant wants to experiment with 
solar energy to produce ethyl alcohol which will be used 
as fuel for farm engines and heaters; including, but not 
l imited to tractors, combines, swathers, cars, trucks, 
irrigation motors, house s ,  grain dryers, etc . ;  o r ,  
applicant intentJs t o  experiment with waste products 
(corn cobs, stalks , spoiled grain) to produce ethyl 
alcohol to determine if it can be refined and used as a 
fuel to run farm implements; o r ,  simply, applicant 
intends to build a still which can efficiently refine 
ethyl alcohol produced from waste products for ultimate 
use as a fuel . 
DESCRI PT I ON OF PLANT PREMISES 
Describe the location of the premises where you intend to 
establish the experimental plant . I f  you are a farmer, 
this should include your entire farm to enable you to use 
the alcohol you produce without removing it from your 
"plant premise s . "  Include in your description the number 
of acres involved. Also, describe the buildings used 
in the production and storage of alcohol ( i f  applicable) 
and their relative location on your farm. 
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DESCRIPTION OF PRODUCT I ON PROCESS AND EQUIPMENT 
Describe the production process you intend to use . 
Example :  "Mash to be fermented wil 1 consist of spoiled 
grain, vegetables, and kitchen garbage . Initial distil­
lation of ethyl alcohol will be accomplished by solar 
energy. Ethyl alcohol recovered from the mash via solar 
still will be refined in a kettle still of my own manu­
facture . "  Then give a descriptive list of the equipment 
used in the process. Include all equipment from the 
mash tank to the finished alcohol storage tank. I n  
additio n ,  describe when and how you intend t o  denature 
the alcohol produced, i . e .  alcohol wil� be mlxed with . 
gasoline in a 1 0 : 1  ratio immediately after production. 
This will be done in the fuel storage tank . 
SECURITY 
Tell us· what security measures will be provided for the 
alcohol produced . Examp l e :  Alcohol will be stored i n  a 
1 , 500-gallon fuel tank which is equipped for locking with 
a padlock ; o r ,  alcohol will be immediately denatured, 
drummed off, then stored in a locked shed . All windows 
in the shed are equipped with security screens and 
two watchdogs are on the premises .  
RATE O F  PRODUCT I ON 
State. in gallons , the amount of alcohol you expect to 
produce in an �erage 15-day period . You may estimate 
if you are unsure of the amount at this time. Tell us 
the average proof of the finished alcohol produced . 
Example :  Approximately 400 gallons o f  alcoho l , averag­
ing between 160-190 proof, will be produced in a 15-day 
period . 
�ile your completed letter application with this Regional 
ATF Office • . We will examine it for cbmpleteness · then forward 
it to one of our field officers for inspection. You will be 
visited by an ATF Inspector prior to the time formal authori­
zation to operate is given. He will examine your facilities 
and advise you of the record requirements for your operation .  
He will also discuss your authorized operations and answer 
any questions you may have. During his visit he will supply 
you with blank bond Forms (F-2601 ) and inform you of the 
dollar C11 ount of coverage required. (The Form 2601 i s  a 
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surety bond which is executed by you as the principal and an 
approved insurance company as the surety. The amount of the 
bond will depend upon the type and . volume of operations to be 
conducted . I t  is our estimate of the potential tax liability 
on the spirits produced . The rate of tax liability i s  $ 1 0 . 50 
per proof gallon ( 1  gallon of 100 proof spirits) . No tax i s  
actually paid for alcohol produced o r  used o n  the experimental 
distilled spirits plant. Howev e r ,  the bond coverage is still 
. necessary to ensure the protection of the tax liabilities 
which attach to all spirits produced . )  
The ATF inspector will also deliver Forms . 4805 and 4871, 
relating to water qual ity considerations and . env ironmental 
info.rmation, respectivel y ,  which can be completed and 
returned to the ATF inspector · while he is at your premise s .  
After we receive a favorable inspection report and a properly 
executed bond, we will issue you a formal authorization 
to begin operations. This authorization, however ,  does 
not exempt you from complying with any State and local 
requirements concerning the production of ethyl alcohol. 
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ADDRESSES OF ATF REGIONAL OFFICES 
CENTRAL REGION 
Indiana, Kentucky, 
Michigan, Ohio, 
West Virginia 
MID-ATLANTIC REGION 
Delaware, District of 
Columbia, Maryland, 
New Jersey, 
Pennsylvania, 
Virginia 
M I DWEST REGION 
Illinois, Iowa, 
Kansas, Minnesota, 
Missouri, 
Nebraska, North 
Dakota, South 
Dakota, Wisconsin 
NORTH-ATLANTIC REGION 
Connecticut, Maine 
Massachusetts, 
New Hampshire, 
New York, Rhode Island, 
Vermont, Puerto Rico, 
Virgin Islands 
SOUTHEAST REGION 
Alabama, Florida, 
Georgia, Mississippi, 
North Carolina, 
South Carolina, 
Tennessee 
SOUTHWEST REGION 
Arkansas, Colorado, 
Louisiana, New Mexico, 
Oklahoma, Texas, 
Wyoming 
WESTERN REGION 
Alaska, Arizona, 
California, Hawaii, 
Idaho, Montana, 
Nevada, Oregon, 
Utah, Washington 
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